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Preface

Since material resources are ecarce, below army
acquisition cbjectives, the Army now has LOGRLANS
Requirements competing against one another for War Reserve
material. Activation of & particular LOGPLAN, as the
Commodi ty Command Standard System (CCSS) is now designed,
gives priority to those purpose code War Reserve items
necessary to implement the LOGPLAN. As the supply sy¥stem’s
ability to fill these prepositioned requisitions becomes more
responsive to commanders/crisis situations, the more
inflexible we become in redirecting our support from one
LOGPLAN or area to another. The question is this: “"Have we
traded away our ability to be flexible, i.e., ability to
re—allocate material between/among OPLANS at the last moment
for responsiveness, the ability to quickly fulfill
requirements and provide for rapid movement thru the
resupply/transportation pipeline?" As combat arms officers,
the authors were interested in providing an evaluation of
this flexibility versus responsiveness problem and possible
solutions using a computer simulation technique., It ie hoped
that the results of this study will prove useful to DARCOM
planners.
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Abstract

3‘«/

This thesis develoups a basic methodology tor modeling
the effects of flexibility and respansiveness in U.S. Army
contingency plan logistical support.

A model of the contingency logistical support
environment was built using the SLAM computer simulation
language. Four factors and their interactions were analyzed
in the model. Those factors were priority system, other than
CONUS supplies (QCONUS>, diversion, and fencing (reserved
stccks). The level of each 4éctor was varied to determine
its erfect and interaction with the other factors. Both
airlift and sealift were modeled.

The measure of effectivenesse used was the number of
pallets of critical items delivered per total time in the
delivery system. The model! provides a number of inputs which
can be changed to determine parameter sensitivity. The model
results, as expected, showed that contingency logistical
support would be significantly upgraded if a revised priority
system, OCONUS supp}y sites, and a diversion policy ware

- used.
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OPTIMIZING FLEXIBILITY and RESPONSIVENESS in

U.S. ARMY CONTINGENCY PLAN LOGISTICAL SUPPORT

I. Introduction

In recent years, the U.S. Army Force Modernization
Program has made extensive progress in fielding the latest
high technology weapons systems (Ref 15:31&>., The newly
acquired systems include tanks, armored vehicles, cannons,
missiles, and computerized command and control! assets.
Howewver, because of the high costs involved with each of
these systems, the procurement levels have been considerably
lower than those planned (Ref 31).

The consequence of falling short in the procurement
levels of many supply items is that the war reserve stockage
levels are only filling 22 percent of the planned volumes
(Ref 28:3). Therefore, it is imperative that these important
limited resources bDe economically allocated among the Army
units that need them the most. The logistics system must be
flexible enough to insure that the highest priority request
ies filled before others of lower priority. Current estimates
indicate that the number of continqQencies that can be
adequately supported is limited to a maximum ot two (Ref
4:18),

At a time when increased flexibility is demanded, the
emphasis has been to be more time responsive to demands.

This emphasis stems from the necessity to protect U.5. global

interests and support its world-wide defense commi tments.
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The requirement has led toc the development of contingency
plans for each qQeographical lacation of interest. Each
contingency plan is affected by time responsiveness. The
faster an effective response is made, the shorter the time
the defender has to prepare himself. The recent Falkland
Islands War demonstrated that becausc the British troops were
unable to deploy rapidly, the Argentinians had time to set up
their defenses.

The U.S. has developecd the Rapid Deployment Joint Task
Force (renamed the Centra! Command, CENTCOM, in January,
1983) to meet the requirement of a strategic, time-responsive
combat force. This force can be deployed to any location in
the world in a matter of dars (Ref 17:4-5). However, to
sustain this force and deplored forces in Europe or Asia, the
logistics system must immediateiy respond to their
requisitions.

To enhance the responsiveness of the supply srystem,
preposi tioned and prepackagec supplies are stored in several
global locations. For example, at Diego Garcia, in the
Indian Ocean, there are seventeen cargo ships loaded with
“roll-on/roll-off" supplies (supplies, weapons, ammunitien,
fuel, water, and vehicles that are preparec for off-loading .
and delivery) (Ref 25:78)>. In Europe, prepositioned stocks
include tanks, vehicles, and enough equipment to outfit
entire divisions. Additionally, the supporting computerized
communications and transporatation assets make the logistics

system highly responsive to the demands of supported

T T T T R T
= ‘ S N . - LR L . . R . .
S IR A A R I APPSR AL AL o Oy



AR S AR R P g RO B A

K R AR AT AR T A I IR LS JCRC A I At e S S A R A S

y‘" a:n
b’ e

-

)
. ‘-: A
' \.’" . . . . .
> commanders in crisis situations (Ref 246:1).,
N
a9 As reaction time decreases, however, the system appears
}Q to 1ose the flexibility to answer muitiple or successive
B
I8 crises. The ability to provide or redirect support of
NS
- X - C L ,
,h%ﬂ limi ted resources to the most critical area is reduced by the

push to fill all requisitions as soon as possible. A

scenario that typifies the potential problem begins with a

f;' crisis in Southwest Asia. The U.S. interests in the area are
;2; threatened, and CENTCOM is alerted and deplored. Within a
;gg few days, prepositioned assets are drawn, and prepackKaged
:ii stocks from the U.S. are in transit to support these units.
;ff Then, a major crisis devzlops in Europe, as the Warsaw Pact
"ég invades Western Europe. The !limited resources then have
‘;¢ multiple claimants, the delivery pipeline must be redirected
’:a (Ref 9:56) or expanded, and delivered aszsets may need to be
o reallocated (Ref 37:52-53).
f? A brief historical review of Soviet tactics during World
;3 War Il supparts the possibility that they would use
EE diversionary tactics if the opportunity arose. During the
f? invasion of Poland in 1939, the Soviets waited until the
;?3 Pales were completely committed to fighting the Germans, and
:§ then swept in from the east, against meager opposition. In
:d Finland, the Soviets initially invaded across a wide
A
.;ﬁ frentier, and once they had spread the defenders, they
ig attacked with a massive assault along a single axis of
_, advance. Lastly, in one of their final acts of the war, the
~§§ Soviets waited until the Japanese were totally committed, and
>
3
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loging, to the onrushing U.S. forces, and only then declared
war on Japan., This allowed them to seize some Japanese-held
territories without f¥ear of significant combat losses (Ref
39:482-493). In addition to the possibility of Soviet
action, the number of unstable Middle Eastern governments
capable of initiating actioens that would cause the U.S. to
commi t forces, 1+ only in a preemptive role, adds to the

legitimacy of this scenario (Ref 38:4).

FProblem Statement

What can be done to regain flexibility in the U.S. Army
logistics srstem to permit it to adequately support execution
of multiple contingency plans? Which factors must be
addressed to return flexibility, and what are the relative
time response trade-offs incurred? There is also a lack c+ a
device to analyze the problem and indicate policy options in

systems design.

Objectives

The primary objective of this recearch is to provide a
validated simulation model to investigate the comparative
time gains and losses for incorporated flexibility measures.
Also, the possible solutions of this problem should identify
optimal transit points of diversion, and the decisions that
have the greatest impact on the supply process.

Intermediate objectives are:

1. Track the visibility of specific cargos from their
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stateside storage locations to theater delivery.
Determine if these specified cargos can be followed,
managed, and/or redirected at various points during
shipment.

2. Test the flexibility of the delivery system, to
determine if the means of delivery has the ability for
enroute destination changes, and, once & contingency is
being executed, how many delivery assets, primarily MAC
aircrafi, are available for inter—-theater cargo
tv-ansfer.

3. Determine the relative time gains and losses
encountered by increasing flexibility and decreasing
responsiveness.

4. Evaluate the priority levels assigned to the various
contingency pians, with particular attention to
supporting the main contingency at less than 18684 to
determine the effect on other supported contingencies,
5. Examination of the present planned usage of CONUS
depots as consolidation points for contingency support,
to determine if multiple points (one per contingency) or
a single point is more effective.

6. Examine the factors affecting reapporticnment of

limited supplies to multiple priority demands.

ckground

To set the overall problem in perspective, a historical

description of supply apportionment is given first. The

-------
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services do not have a satisfactory method by which to
apportion supplies and the result is that components of
Unified Commands must develop OPLANs without Knowledge of
supply support that can reasonably be expected from CONUS
during a multitheater conflict (Ref 40).

Supply apportionment is the process of planning for the
distribution of scarce supply assets among various competing
claimants. In the military sense, the claimants are the
various units, supply pools, and contingency stocks which are
tasked to support an operational plan or theater of
operations.

The early Bronze Age was the last period in which an
Army could expect to wage a campaign as a self-contained
unit, living off the countryside, forging its own weapons,
carrying only the baggage used by the individual soldier.
Since that time, warfare has grown increasingly more complex
to where it has become "a mere appendage of logistics in
which, as Frederick the Great observed, the masterpiece of a
sKilled general is to starve the ernemy" (Ref 14:5).

The rise of the industrialized war machine brought with
it not only increased destructive potential, but the
necessity for developing ever greater sources of munitions to
feed it, vehicles to carry it, fuel to power it, people to
repair it, and most importantly of .y the necessity for
rearming it as the enemy“s war machine does its worke,.

The paradox of the increased efficiency of the madern

war machine in that no nation can afford, during peacetime,
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to provide for all of the pieces of the logistical tail that
Keep the machine functioning in war, Armies are
extraordinarily fast consumers of resources. It is
inevitable, then, that shortages will occur in an Army,

ei ther before it is engaged or during the course of a war.

It is not surprising that "logisticse" comes from the Greek
logistikKas--"skilled in the science of mathematical
computation"-~for the logistician must forecast the shortages
and develop the strategy to minimize the effects of those
shortages on the outcome of the war,

The current world situation represents a quantum jump in
the evolution ef logistical warfare. Never before have two
potential belligent states, the United States and the USSR,
continuously maintained such large standing armies, and newver
before have the technological means existed to strike
decisively, swiftly, and simul taneously, anywhere in the
world. Any future war is likely to be global, continuous,
and exhausting, with little opportunity for mobilization.

The opportunity for sliow buildup of resources, secure behind
vast oceans, and the luxury of fighting delaying actions,
with acceptable losses, until the production base can be
mobilized~--which has characterized most of nineteenth and
twentieth century warfare—--are no longer viable. It would
seem that recent historical examples of logistical planning
for warfare provide little insight for current situations.
Nevertheless, the consideration of America’s recent wars,

particularly Worlid War II, provides valuable lessons when

-------
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developing a more comprehensive method of apportionment.
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World War 11

N
;FEE Logistics Environment. The logistics environment of
fjis WWII was characterized by a lengthy buildup and development
'ib of the industrial production base pricr to a major commitment
.Eg of forces to combat. America began to mobilize in 1948, but
'?}ﬁ was not producing at maximum capacity until late 1943. At
"; the same time personnel were being rapidly inducted and

523 trained., Unit activation was occurring at a furiocus pace.
f*x The political and military decisions to open a theater of

}ég operations in North Africa, to support buildup of invasion
fﬁz supplies in Britain, and to supply committed troops in the
k-ﬂ Pacific and Alaska, while at the same time supporting the

i;: training base, created severe competition for available

m;; supplies. There was an extremely fluid strategic situation
;ﬁ which Kept logistics planners continuously off-balance. Lack
;EE% of consistent data, poor reporting procedures, and a

'§§ conscious cdecision to eliminate detailed logistic reporting
:;S from theaters hampered the distribution of material. The

ijs organization for logistics support went through several

‘SE changes during the early years of the war.

'QL

I

} 3 Army Supply Program. In coordination with the Allies,
’fﬁ planners determined the force that would be required to

-:ﬁ accomplish the global war aims. Initially, the Army

~$: estimated an end strength requirement of 12 million persannel

8

O\
Hy
N

4
. -.-‘:’:




ReiCAd At Al G S Tl ML IE A S A S 8 S VLS TR RN BN AY Bt A Rt SE G AN AL SN SR R R RS EE L SO EME B

in uniform. The logistics requirements faor a force of this
size were grossly determined and were combined with the
logistice support that was to be given to our allies. These
gross requirements were presented to industrial mobilization
planners and it was quickly apparent that U.S. industrial
power could not support these levels, nor was Congress
disposed to fund at these levels, The subsequent scaledown
of proposed end strength to ? million personnel was but one
example of many demonstrating the limiting effect of
logistics on war operations. The Army Supply Program was
developed to provide fiscal and budget controls, and to set
production priorities and quantities, #Army planners did an
excellent job of determining what should be produced. & less
even performance was evident in the sequence of production

and its distributiqn.

Requirements Estimation, Computation of requirements at

the theater level was greatly complicated by inter~-Allied
Jealousies and the inability to plan deployments and
operations far enough in advance. For example, the logical
basis for determining requirements was to estimate the forces

to be employed in each theater, add communications zone

pe requirements, add zone of the interior, add replacement
ﬁf factors for combat loss/expenditures, and add pipeline
b2
.%j' factors. However, this method was rejected because it would
B ‘0\ “
.2; have favored British forces already committed at the expense
.jﬂﬂ of American forces training at home, Operational planners
a4
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ﬁ: (Operation Division (OPD) of the War Department) were
- retuctant to predict troop allocations or future oper.tions

5 in such a fluid environment. The logisticians (G-4 and

N8
iiﬁf Services of Supply (S0S)) therefore did their own independent
-

f:: strategic operation planning in order to evaluate
ff;j requirements. This early lack of the required information
 §§‘ for accurate projections meant that requirements had to be
f$ﬁ determined solely on a theater basis. Several logisticians
'22 insisted that theater requirements should not be taken into
EEH account because they were convinced that the overall

}ii mobilization of production would ensure victory.

}:3 "Requirements cannot be measured or determined by theaters
133 of operation. It is the availability of trained and equipped
';;u troops, with ample, overall reserves, which will enable us to
‘fg take the initiative" (Ref 14:298), 1In this view, current

:E& combat operations became holding actions pending the fruition
ik{ of mobilization. There were, however, efforts to apply

;i scientific estimates to requirements. Unit equipment tables
:i; (TOE) were devized for requirements determination.

Ki' Replacement factors were estimated, as were consumption

:53 factors, pipeline fill factors, and shipping loss factors.

§§ However, "the uncertainty of strategic plans in 1942 ruled

2 out specific conditions of climate, terrain, and intensity of

E action" (Ref 14:388)., Planners complained in 1943 that after
; % a year and a half of war the planning factors, which were

{

t originally assumptions, were still no more than Knowledgeable
A

estimates and educated guesses (Ref 14:201). "The emphasis

o
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in the requirements estimating system on the distant and
general need as opposed to the immediate and specific one,
involved a method of calculation that led unavoidably to
overestimates in some categories and underestimates in
others. As a corellary, it virtually dictated a liberal
policy in allowing for unforeseeable contingencies" (Ref

14:316).

Distribution of Scarce Material, During the first year

and a half of the war, the creation of task forceg or
deployment of units overseas was, due to severe material
shortages, accompanied by massive redistribution of equipment
from other units, regardless of training impact (Ref
14:303~-389>. Several categories of intensively managed items
were created with a list of "controlled" items being
centrally managed by the War Department. The list of items
included mostly end items that applied to a wide variety of
units. The list rose from 400 |tems in early 1942 to 806 in

1943, and shrank to 138 by mid-1945. Units were separated

into broad categories., Group A units were entitled to the

iaﬁ; full authorized allowance, Group B units would be issued full
fgg; authorized allowances progressively to bring them up to 20,
:Ef 58, and 180 percent. A third group, Group C, was later

ﬁ?h created from Group B as a pool of assets from which equipment

could be drawn to rapidiy fill the highest priority unite—-in
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effect, cutting these Group C units (e.g., Western Defense

..

iﬁ Command) into skeleton forces. Within each group there were
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subcategories. I[f equipment had been issued by strict
priority, initially there woul'd have been no equipment for
units other than the upper brackets of Group A, so there
evolved several ad hoc considerations. The general
priorities were:

1. Troops immediately deploying, and forces in the

Philippines.

2. Air combat forces and supporting units.

3. Hawaii and Panama.

4. Antiaircraft defenses in CONUS.

3. Atlantic and Caribbean garrisons.

é. West Coat forces and Alaska.

Forces already deployed were gQiven lower priority than
those about to deploy on the mistaken notion that they were
already better equipped. Accurgte data of on-hand equipment
was simply not available. It was not until early 1943 that
overseas theaters were given higher priority than deploying
units. This led to the anomally of forces engaged in combat
(e.g., North Africa) being less equipped than units waiting
transport in CONUS. A constant argument waged over the
equipping of units in training. Shortages of ammuniticn led
to artillery units training entirely by simulation while tons
of ammunition sat in North Africa or the Pacific, where units
had not yet arrived to shoot it. Training suffered
significantly to the degree that it was decided, arbitrarily,
that divisional units would be given at least S50 percent of

their equipment. Activation of new units was thus delaved
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;_ pending ability to equip them. In practice, even the 5@

'¥ percent could not be sustained, and controlled equipment was

g. issued first to 20 percent of authorized levels and only

g? later to 58 percent, while nondivisional units were often

ﬁj precluded from receiving any controlled items. Genreral

‘ Marshall was so exasperated by the process of stripping units
f::' in training in order to distribute equipment to other units
‘ﬂ‘ in training just to equalize shortages, that he wrote it
, ?: "will wreck the morale of the troops and undermine public

 %§ confidence.” Conflicting policies began to emerge. In the
i?} effort to spread the shortages, it developed that there was
-E;- an insufficient number of units fuily equipped and ready to
‘;ﬁg deploy to meet emerging theater operational requirements such
;;i as Alaska, North Africa, and South Pacific. The solution was
%iﬁ to form a pool of ready units near 108 percent of equipment
&
?:3 allowarces. Unfortunately, the operational planners

t? designated these ready units far in excess of the logistics
.:Q system’s capability either to equip them or to transport them
;&% overseas. OPD’s seven—theater sections requisitioned units
j:- with little coordination amongst themselves or with G-4.
*3& Special operations, such as TORCH, also called for rapid

:g: activation of unusual units not in the force trooplist. The
jﬁi repeated plundering of low-priority units to fill higher

j:; units froze them in a low-equipment status. Contributing to
{: further chaos was the lack of shipping to move the

: now-trained units and supplies for buildup of the owverseas
( theater out of CONUS. It was not until 1943 that the

!
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construction of shipping began to exceed combat losses. The
War Department continued to stick with the philosophy of
containing the enemy overseas by "economy of force" while
continuing the buildup of a large, fully equipped Army for
later combat operations in 1943-44, 1In a strategic sense,
the short term problems of distribution were ignored in the
Knowl adge that in the !cng term, all would be well. This
approach undoubtedly was accurate overall, but contributed to
much wasted effort, and also delared deployment of many
forces. The country simply lacked the production capability
and shipping capacity to do much beyond wait. There were
numerous political squabbies over issues of how much to give
Britain and the Pacific theaters. Too much has been made of
the Roosevelt/Chur:hill decision to win the war first in
Europe before pressing the war in the Pacific. In fact,
analysis of troops and equipment/cargo deployed to the
various theaters show a remarkably even distribution in
1941-19243, with the Pacific theaters getting 32 percent of
the deployed troops and 28 percent oy the supplies, a much
higher percentage than MacArthur would have the world
believe. OPD apparently elected to support the hot war, not
the warming one. There were anomalies--Alaska, for example,
received 8 percent of the troops, but 14 percent of the

supplies.

Supply versus Transport. Logistics at this time

suffered from a division of effort between suppliy and

At Sl - M Ty ey
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transport. The d[sorganization within the supply system
created by shifting priorities and lack of data was
contrasted by a rather smooth, efficient transport operation,
given the meager shipping that was available. The actual
day—-to—-day decisions on what to ship were made by the port
commanders based on calls forwarded by theater commanders.
However, the division of effort between supply and transport
allowed the transporters to control the flow: their goals
were to maximize the use of shipping in terms of weight and
cube, and not to ensure the delivery of specific items to
specific destinations at specific times. The integration ot
supply and transport functions received much staff attention

in 1942-43.

KOREAN WAR

The literature containg little information regarding
strategic logistics in thie war, most of it concentrates on
logistics in the field. Because the Korean War was the anly
active theater, and because supply was relatively
unconstrained (after initial distribution/transportation
problems, the vast WWII surplus was easily tapped), one might
wonder about the reievance of this war to. apportionment.
However, the war was viewed by defense planners as Jjust a
single part of overall global strategy, in which the Soviet
threat remained paramount. Logistics followed torce
allocation in the Korean War, but the allocation of forces,

and thus their supplies, became a central strategic issue:
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how much to give to Korea and the Pacific, versus how much to
commit to NATO, when there was not enough to go around. From
a planning perspective, this situation is not unlike the

present global situation.

Prewar Envirgnment, The togistics situation in Korea

prior to the North Korean invasion, 25 June (9508, could
hardly have been more disorganized. In the aftermath of
WWII, the full attention of the Army turned to the occupation

and defense of Europe. The Pacific in general and Korea in

particular had been written out of national defense plans.

fbﬂ From {945 to 19358, the primary objectives in the region were
I
133- to normalize the government and restore economic viability to

Japan and liberated regions of the Far East. Military forces
N in Japan viewed themselves as token occupation forces, and
:,Ja the rapidity with which MacArthur institutionalized
‘ democratic government in Japan reinforced the feeling. This
= led to a distinct lack of combat preparedness. The enormous
o> logistical tail which had been built up in the Pacific during
WWII had essentially been left to rust in place. In 1947,
Macar thur ordered a reclamation project to begin in Japan to
nii seQregQate, classify, transport, and repair WWII equipment for
storage. However, progress was slow, and by June 1950, 20
percent of the Arm, ‘s 68-day theater reserves were still
b unserviceable. No new equipment at all had been received
from CONUS since WWII. As occupation troops were deactivated

{f in t.e Far East, they turned in equipment for war reserves,

14
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but most of it was unserviceable. For example, Eighth Army
was authorized 228 recoilless rifles, but had only 21
serviceable. Ammunition available was only a 45 day supply
(Ref 30:59). By 1958, the growing stability of occupied
Japan allowed commanders to turn to improving readiness, but
the Army was still “"hampered by infectious lassitude, unready
to respond swiftly and decisively to a full scale military

emergency." (Ref 30:40),.

The First Days. The North Korean invasion, 25 June

1958, caught CINCFE entireiy by surprise. The next two weeks
were taken up by assesesment of the situation and
determination of the strategy. There had been no plans for
the defense of Korea. The extent of American ground force
participation in Korea was debated considerably among
MacArthur, Collins (CSA)Y, Bradley (CJCS), and Johnson

(SECDEF). The piecemeal requests for buildup of forces and

' B equipment without an overall strategic concept was to remain
E?E; a serious obstacle to efficient prosecution of the war.

‘iéf Truman was intensely concerned that Korea was but the prelude
;Ei to general Soviet aggressiveness in Europe and was reluctant
Aiﬁ to over-commit to a possible sideshow. MacArthur argued that
ﬁii the conflagration in Korea was real now and required

¢;¥ immediate attention with all resources available. Because
f;ﬁ the only source of immediate combat power (troops and

'ﬂ materiel) was the General Reserve Forces in CONUS, the debace
.5 was of considerable importance to the allocation decision.

ey,
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The active Army consisted of 590,000 of which 148,088 were
CONUS general reserves, By the end of July actual and
scheduled ceployments to Korea had depleted this to 98,880,
with MacArthur calling daily for more. No decision had ret
been made on strateqic priorities. It was not until 1S5
September that mobilization authority was given, and four
National Guard divisions were activated in CONUS. During the
summer, as the size of the Army was increased and individual
reservists were recalled, there was no coherent logistic
strategy for deploying or equipping a force. Logistics
decisions were at hest a "seat cf the pants" affair. In
qgeneral, resources were not diverted from Europe, but CUONUS
support bases were severely taxed, and all Pacific transport
assets were dedicated to buildup Japans/Korea in necessary

stocks and personnel.

Post-Inchon., The success of the Inchon Landings aftter
15 September radically changed the views of Army logistics
planners. @As early as mid-October, the war was considered to
be all but over, and the frantic movement of supplies and
equipment from CONUS began to be diverted, cut off, or
targeted for Japanese depots. Thoughts turned to postwar
stationing plans, and on !5 October MacArthur was even
directed to cancel all requisitions for supply in
anticipation of cessation of hostilities. MacArthur’s
constant assurances that China would not enter the war

apparently found receptive ears.

18
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!¥¥. Chinese Invasion. When Communist China attacked with
'{EW force on 28 November (they had been operating on a piecemeal

%é basis for a month prior to that in North Korea), MacArthur
.. {8
']tx seemed to have panicKed. Immediately outnumbered and
.;ﬁ overwhelmed, the UN forces began their retreat. Defense
igé planners, including the new Secretary of Defense, George
V%& Marshall, renewed their emphasis on the defense of Western
jEﬁ Europe fearing that too many resources would be devoted to a
73% fight with China at a time they were trying to bolster forces
.fd in Europe to meet the Soviet threat (Ref 30:2886)>. The fear
f;ﬁ of general global war reached its height. The NATO allies
TQ{ were growing increasingly restliess, While al} this had no
_{E' direct bearing on the logistics situation, it was still true
lisf that logistics followed forces. The Joint Chiefs agreed on 5
G?% December that no new deployment would be made to Korea.

‘§ However, the materiel losses incurred in fighting the Chinece
wﬂ were critical. So, on 4 December Operation PINK was launched
??é to resupply Korea with an entire division set of equipment,

~
l%j drawn from West Coast units and Mutual Defense Assistance
'iﬁ Pact (MDAP) stocks and contingency stocks. MacArthur asked
;; for a second set but was refused. On 15 December Truman
:: finally declared a national emergency as withdrawal from
‘:j Korea appeared more and more imminent. Un 23 December
;33 General Walker (CG, Eighth Army) was Killed and was replaczd

3 by General Matthew Ridgway. Unlike Walker, he was given
\Q; carte blanche by MacArthur, who adopted a much more detached
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role with respect to Korea. Ridgway, personaily, is
generally credited for turning the rout around, re-instilling
the offensive spirit and stabilizing the situation by April
1991, Thereafter, the military situation developed into
somewhat of a stalemate, amidst some ‘ears that the Soviets
would enter the conflict. Throughout the next two years
there wer2 speoradic attacks and counterattacks as armistice
negotiations dragged on, but these attacks were not deciczive

and the logistics situation never became critical again.

VIET NAM Vietnam represents & poor case from which to
draw any conclusion regarding the apportionment problem. The
manner in which it was conducted impactad considerably on
logistics to the extent that it is almost a case study in how

not to do things.

Military Objectives. The lack of clear political

objectives for the war from the very beginning served to
prevent a clearly defined, consistent military objective from
being formulated (Ref 18:17). A principle result of this was
that the war was "managed" rather than prosecuted within the
fabric of global strategy. From July 19485 to February 1783,
Army strength in Vietnam rose from 27,008 to 329,680, and
this was accomplished without any mobilization and under the
political constiraints of Lyndon Johnson’s simul taneous

implementation of the “Great Society" program. This placed

severe strains on the Army logistic structure and its ability
2e
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to equip and supply its forces woridwide.

Loqistic Constraintgs. The decision to adept an

essentially static operational concept, coupled with é
one-year troop rotation policy, had a decisive effect on
logistics: troop comfort became de facto the overriding
logistical concern, Fully 48 percent of the tonnage shipped
to Vietnam in 19485-646 was in facility construction items. No
theater standard of living was ever prescribed, so individual
commanders sought to give their personnel the highest levels
of comfort: fcod, PX merchandise, refrigeration equipment,
buildings, electrical power generation equipment and ali the
spares associated with such things mushroomed. Tables of
Organization and Equipment (TOE)> meant little. Without a
common standard, the logistics system had no grounds for
challenging requirements placed upon it. Hence, in UVietnam
the logisticse system quickly ran unconstrained, and this was
accompanied by financial constraints upon the Army overalli.
The resulting squeeze meant that the Army in Europe in
particular, but also in CONUS and Korea, suffered sewverely in
logistics readiness throughout the war. The experience of
the Korean War was turned upside down. In Korea, the threat
of global war was so great that planners refused to allocate
resources to Korea, a perceived sideshow, at the expense of
the Army in Europe. In Vietnam, a Known sideshow, resources
were diverted from Europe and elsewhere, placing the Arm» at

severe rigkK in meeting any global threat.
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Impact on the Active Army., The lack of an apportionmenrt

ptan which reflected global strategic priorities created
severe problems for the units not in Vietnam. Diversion of
resources from the major Army commands to Vietnam in 1285-&&
had the following effects (Ref 16:251).

1. Only 35 percent of Continental Army Zommand units

met equipment on-hand goals, and only 25 percent met

equipment status (maintenance) goals. Only 48 percent
of L . Army Facitic units met equipment on-hand goals,

and only 18 percent met equipment status goals. U.S.

Army Europe was 66 percent for equipment on-hand and 5@

percent for equipment status. The majority of combat

units outside Vietnam were rated C-3 (marginally ready?
er C-4 (not ready) on unit status reports. Both combat

divisions in Korea were C-4.

2. Prepositioned War Reserve and POMCUS Stocks

(Prepositioned Materiel Configured to Unit Sets) were

redyced substantially in Europe and Korea. War reserves

in the Pacific were nearly depleted. Reccovery did not

occur until 1971,

3. Reserve and National Guard units were tacsked to
redistribute equipment to Vietnam. Two hundred aircraft, 444
40mm gquns, S8 tankK recovery wvehicles, and 4%0 trucks were
among the items withdrawn. Most of the Reserve and Guard

units fell to C-4 during this period.
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LESSONS LEARMED .

The apportionment problem that faces logistics planners
today is much more complex than that faced in previous wars,
Both Vietnamn and Korea were single theater wars in which
concern for other possible theaters waszs real but rot
critical. World War II provides the best example of
apportionment planning and actual allocation, but the war was
fought with the luxury of time to prepare before commitment
to combat in mulitiple theaters, Nevertheless, there are some

broad lessons that can Le learned from the historical
record of these wars.

1. Coherent Planning Strategy. 1In planning for

multi—-theater conflict, it is a necessity to have a

coherent strategy; one that is capable of providing the

Togistician with sufficient guidance but requiring

little situational modification., The WWII example of

establishing the buildup in Europe as the primary
logistics objective was such a strategy, although there
were numerous short—term deviations from this strategyr.

The role of political decision making at the highest

fsvel in the strategyr process cannot be overemphasized,

since any global strategy that is not fully in accord
with political objectives is worthless for planning
purposes. We have observed how the efforts to

"Smericanize" the war effort in WWI]I detracted from

.,
&%

o

strateqgic decisions. Vietnam provides an example of how

Iz

A

':&Q divergent political and military objectives hindered
o
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coherent strategic planning.

2., Realigtic Stable Priorities. Inherent in developing
sound strategic plans is the necessity for establishing
global priorities, and then, barring major changes in
the strategic situation, sticking with those priorities.
In WWII there were many short—-term changes in priorities
which nearly created chaos in the logistic system. In
the long term this could have been prevented by
following the original strategic plan.

3. Coalition Warfare. The necessity for incorporating
allied logistics requirements into strategic plarning is
apparent. In doing so, the political sensitivity to our
own operational capability should not be ignored.

4. Funding vs Requirements. [t should be taken as an
axiom that funding for logistics will never match
requirements. This is true both during the planmning
phase (peacetime) and allocation phase (wartime). Even
during the height of WWII, the inability to fund
logistics and the inability of the mobilization
production base to meet requirements forced a crastic
rescaling and deferment of operational plans. The need
for identifying the proper priorities with the knowledge
that full requirements will newver be met becomes even
more important.

S5. Accuracy of Planning Factors. @As the duration of a
possible conflict decreases the necessity for accurate

logistic planning factors increases. MWWith little tims=
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i:jJ to react in a short war, the logistics decisions made
':§ well prior to the outbreak of hostilities are, in

.Iii effect, irrevocable decisians.,

ﬂ&g 4. Shipping Overrides Apportionment. The most severe
fﬁi‘ limitation orn any apportionment scheme is the

. availability of shipping assets. In no past conflict
ij involving ocean movement was shipping ever available in
%t% sufficient quantity to logistically support initially
'r§~ devised operational objectives. In this light,

: apportionment makesg little sense if the means to deliver
?& are not there. In WWII, this limitation was overcome by
1;% time--two vears of nonstop ship building. A 180-day
,fg% conflict will in essence be a "come as you are" war.

,?f* 7. Remember the Training Base. @Any apportionment

;g} scheme must take into account the needs of the training
:i base, which include mobilized but not »et deployred

“f reserve components. The effects of "robbing Peter to
%ig pay Paul!®" must be carefully evaluated to balance

:é% immediate operational needs against the value of having
'%?: an equipped proficient force available at M+s%8.

=:§ 8. Logistic Inteiligence. The utility of an

%@ apportionment plan depends on the accurac¢y and

;E availability of detailed information concerning the

§§ asset status and requirements in each theater. This
“xg necessi tates a uniform reporting system (not vet in

?J place?, common agreement as to definitions and terms
;ia (e.g., what does it mean to say "I have X amcunt in

g
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Theater War Reserve?"), and a common methodg among
L theaters for estimating and stating requirements,
?. Allocation Follows Systems., MHistory is full of

examples of the wrong supplies arriving in the wrong

"
L
'.o
B <
-
-
B~ ¢

theater on the basis of unexamined supply requirement
tables. An absurd examplie is cold weather clothing

going to the South Pacific. A more costly example,

operationally speaking, is large-bore artillery
- ammunition arriving in Africa with no large—~bore weapons
in the force structure to fire it. Apportionment must

be geared not only to the force structure scheduled for

a theater but also to the particular weapons system

8- destined for the theater.

j& Scope_and Assumptions
GQ: The following assumptions are made to set the scenario

of the probliem:

1'“1;: R

{. A commitment is made to fully support a given

j: contingengy, after which a second contingency (or

"
-]

* mulitiple contingencies) requiring logistic support
; develops (Ref 29),

K]

™ 2. The materiel support for these multiple

contingencies exceeds the available resources, including

-; many high technology weapons systems.,

.; 3. The movement of materiel is supportable by the

. Pefense Trangportation System, with limits on the

<

_{ maximum amount deliverable between destinations (Re+
\ 25
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4, This study will examine intra—-CONUS (Continental

B~ United States), inter—~theater shipments handled by
3N
}gz military airlift, and sealift,
';: 3. This study will focus on selected critical supply
y}; items in Classes V (ammunition), VIl (major end items),
_}é% and IX (major component parts), but the methodclogy wil
:~u be capable of adding other classes of supply and
 §4 substitute items (Ref 2:2),
.]% 4. The strategy for filling each theater’s demands will
332 be set with the second contingency having greater
'l?ﬁ national interest.
;g 7. This study will cover the period extending up to the
?ﬁ first 20 days of U.S. combat in the first theater to
_;ﬂ open.
ig 8. Forward-stationed war recserves normally will be
;F dedicated to the theater in which located, although
g transfer of selected items from one theater to another
- is permitted (Ref 42:56-57).
ii Me thodol oqy
%E The problem structure involves finite sources and
';: assets, large quantities of demands, route selections, and
:¥ time factor considerations., Theire are no historical examples
’{ of concurrent contingency plan execution, and field
ff experimentation is not feasible due to economic constraints.
lé One approach to its solution is through the use of Computer
A
‘4 27
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Simulation Analysis.

A computer simulation model can be designed to analyze
the flow through the supply-—-and-demand process on an
incremental time step basis, and identify major item delivery
time, intermediate points of travel, time spent at these
intermediate points, the visibility of the items enroute, and
the cargo accessibility for diversion to alternate locations
(Ref 21:2-3). Also, computer simulation modeling has the
capability to monitor the shipment process over time, and
permits mid-shipment destination changes that are not
possible in pure transportation alg rithms (as these are
based on optimizing delivery between two set points).
Further, computer simulation modeling allows the use of
samples from specified distributions for action/reaction
times. Because of its flexibility and time response
capability, simulation will be used instead of a
transportation algorithm or a network analysis.

Additionally, a complete mathematical formulation of the

problem appears infeasible (Ref 23:147),

The simulation model will capture the interaction of the
system processes that will be addressed later. The model’s
reference framework will require the following information:

1. Development of a segment to act as Department of the
Army guidance, It must simulate Joint Chiefs of Staff (JCS)
priorities and issue Office of the Deputy Chief of Staftf for

Operations (ODCSOPS) directives. The basie for the guidance

and directives will come from DARCOM and ODCSOPS. This
e
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-j& interview information will provide
A
NN guidance for:

o« J

x> "_"‘.‘5 5

a. OPLANA/LOGPLAN priority—--to delineate which

Ay

pltans, on a competitive basis, take priority over

i -
- 5’{&‘1 Mo

other plans in the distribution of limited items.

e a Y

b. Critical item priority-—the interview
information will be used in conJuncti:n with the
recently compiled (May 1983) consclidated listing
of critical items for all contingency plans, to
determine the ranked impact of common critical

items., <(These inputs are indicated by (A) on

»|
r .
(3

+8

- Figure 1),

(S e o

% |
B
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[ Guidance

A
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R~ (B) Allocation| (D> L (ED
O Process B J Transformation ' Qutput
b / Process | | |
e (C) Variable |/
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':2 Fig. 1 Simulation Model Schematic Diaaqram

..

Sy

N

:;: 2. Development of an allocation segment to handle

?‘ apportionment of critical itemes. It must simulate ODCSQOPS
x}: decisions on apportionment of iimited resources to the

oo
“$: mutually competitive contingency plans. This information was
p @

~ obtained from CAA and DARCOM by interview, and used to
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develop the allocation model,

3. Development of a realistic bound of variables. The

framework parameters will be bas?d on:
a. Transportation network determination. The
defined network will include CONUS and overseas
(sources) storage locations of stocked materials,
the CONUS depot collection points that are used to
consolidate (and package as necessary) contingency
plan support shipments, and typical aerial ports of
embarkKation for each depot, intermediate
transit/refuel/layover points, and delivery
location (Ref 8). Additionally, typical routes
between points will be defined, as per type carrier

(commercial truck, air, rail) for each leg (Ref

L
o a

20:461).

e TR

1 3
[SERERERE ALY . -

b. Supply item stockage level. The inventory

RER

N
'y
’
. «

amount will be based on stocks already available,
new acquisitions, and amount of stocks cansumed.
The rates of new acquisitions and consumption will
be based on probability distributions.
c. Processing and del .ery time determination.
The time periods that will occur include:
(1> Conversion of requisitions to material
release orders for transmission to depote ang
supply sources.

(2> Depots and supply sources pick, pack,

e
e

mark, and ready supplies for shipment.

g R
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(3) CONUS transit times from supply sources

to Consolidated Containerization Points (CCP)
for shipment to contingency areas.
(4) CCP processing and cargo consolidation,
(5 In~transit time from CCP to
Rerial-Port-of-Embarkation (APOE).
(&) APOE processing and cargo loading.
(7> In-transit time from APOE to APOD (at
the forward destination,) (Ref 41:77-83).
(8) APOD unloading and pick-up times.
These times will be based on contingency LOGPLAN
guidance, and follow a probability distrioution.
d. Route Sequences and Rates of Travel-—typical
shipment routes, from depot storage location by
transit route to port of embarkation (POE) and
delivery at port of debarkation (POD), will be
obtained from DARCOM ard MAC.
e. Flow Capacities-—amount of shipping capacity,
four MAC delivery legs, that is possihble between air
lines of communication will be obtained from MAC
support annexes to the wvarious contingency plans.
(These inputs are indicated by () on Figure 1.
The simulaticon model (item (D> on Figure () will take
the basic inputs, do an initial assignmert algorithm, and
start the shipment process to deliver the item from CONUS

depot teo overseas POD. The model will track the cargo 1n

31
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time, as it has the travel movement rates, and at the point
of strateqgy change (a new contingency erupts?, it will halt
the delivery process, re-orient to a new delivery point, and

recompute the assignment algorithm. The model wil! have to

consider communications time lags, location of the carqgo, and

diversion of the shipment carrier to a new destination. The

‘:ﬁ model will output (item (E) on Figure 1) the quantity
S delivered within preset time windows, by flexibility
'kg gtrategy. This output will then be used in decision
'73 analysis, to determine the optimum strategy to support the
;? given contingencies.
? Querview of Thesis ‘
i;: The next five chapters present the model development, ;
:J policy evaluation, and conclusions and recommendations. '
N Chapter Il describes the model deveiopment. Within this f
h chapter, a description is given of how Key parameters were i
ig' developed, assumptions used, and how the various parts of the
Ez model were integrated into a system. .
; Chapter IIl contains a discussion of the computerization E
;s of the system model. é
7% Chapter IV discusses the verification of the functioning s
;; of tne model and also the validation of this model. E
:ﬁ Data Collection and Analysis in Chapter U discugses 5
E;? experimental design and sample size determination. i
7% Included in Chapter VI are the conclucions drawn from E
.

f% this study and also the recommendations from this studyr. E
:.“‘ 32 ‘
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II. System Structure

Introduction

The U.S. Army 1cqgistics policy of rapid response, when

Waly

.
=

R A
- L ‘xx‘_.

combined with increasing supplv acquisition shortfalls, has
caused the development of an inflexibilitiy problem; the
supply “train" cannot readily adapt to rapidly changing
situations. The most crucial of these situations is that of
multiple contingency plan execution,

To determine what can be done to regain flexibility in
the U.S. Army logistics system for it to adequately support
execution of multiple contingency plans, new flexibility
measures are necessary. The processes and operations of the
U.s. Army logisticsvsystem and the interactions of these new
measures within the environment of that logistics systems
must be studied and understood. Once these systems are
conceptualized and modeled, the output results must be

analyzed for relative impacts.

New Policy Conceptualizations

In order to resclve the problem of inflexibility due to
responsiveness, it is necessary to determine which system
structures allow this probilem to exist. On the surface, it
appears that automated data processing has so accelerated the
demand-and-fill processing procedures that the system no

3 longer has significant time lags and, therefore, very little

flexibility (Ref 29). However, analysis of the supply

- systems’ underlying policies reveals additional contributing
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factors. Currently, demands are filled on a
firgt-come-~firgst—-serve basis, with oniy minor priority
delineation (UMMIPS - Uniform Materiel Movements and Issues
Priority Srstem). These demands are based primarily on the
type of activity (in combat, designated forces for deployment
within specified time periods and the urgency of need) of the
unit initiating the request (Ref 3:2-1>., However, the
requisite document number must be properly coded to penetrate
the Reserve Purpose Coded stock; then they will be issued
first-come—-first-serve till all stocks are expired (Ref 48).
Addi tionally, of the total global inventory of on-hand
stocks, only stocks in CONUS depots are considered to be
readily available for global dispersion. Those stocks that
are positioned outside of CONUS, while being very available
to their immediate location, are not viewed as immediately
accessible to another global theater, and then only after
considerable high level coordination. Further, the inventory
on—-hand is viewed as available for issue to all customeres,
and will be issued, first-come-first-serve, until all
stockpiles are exhausted. This includes many DOD warehouse
facilities that hold inventories for particular agencies, but
are not prohibited from issuing that inventory to a different
service agency, upon receipt of demand. Each of these
policies is geared to rapid response and, when combined with

the available hardware, has nearly eliminated all possible
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flexibility.
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To builid some flexibility into this system, 't is
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necessary to design and implement policies that will change
this basgsic structure. These policies can be viewed as
either of two types; (1) changes to the structure that are
effective before the item is issued, or apportionment
policies, and (27 changes to the structure that are effective
once the item is in motion on the delivery network, or
diversion policies. Any potential peolicy changes must have
an automation capability, or be considered as inappropriate

for the magnitude of the problem.,

Apportionment Policies

When demands exceed available supply, on any scale, the
decigsion maker controlling the inventory goes through a
Judgemental process to determine who is supplied first.
Businesses usually resolve this by supplying the highest
bidder., Military operations need an equally powerful rarnkKing
system, an urgency of need/combat intensity sy¥stem. This
priority system is based on the supposition that arriving
demands are filled on a cyclic basis (daily, hourly, whatever
is desired), and these demands are forced to quesue before

being served. The combat intensity priority value will rank

i e ]
F

the waiting unfilled requests, so that the most important

Fq

request is filled first. The assigned priority value is

gl '

s
[

based on the combat intensity being experienced by the

. JJ‘... P,

ERW]

requesting unit. An exampie of this type of scale is:

&
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Priority Low Medium Hiqh
2

Numerical Ualue | |

The assignment availability of different values on this scale
is decision-maker directed, and should be based on the

following:

"

1. The intensity and potential of the threat forces in
the engagement. This requires an analysis of the
enemy‘s potential employable combat power, his

commi tment to fighting U.S5. forces, and the amount of
time it would take him to utilize his forces.

2. The contingency plan being supported. Each
contingency plan is designed to support specific global
locations, and esch location has some degree of national
interest. This step requires a comparison of the
relative interest levels between the various contingency
plans.

3. The relative stability of the conflict. Several
plans are based on the concept of initiation of
operations, a surge period for attainment of principle
objectives, and a follow-on or mop-up phase.
Correspoendingly, demands from different phases of the
operation should have equally distinct urgency
requirements,

4. The type of unit making the requisition and their

combat status. This is an expansion of the UMMIP

36
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system, and includes both the unit type (Infantry,

Armor, Artillery) and its employment at the time of
request (training, transport, committed to combat),
Additionally, there is a need for a priority upgrade
measure, to be applied on an elapsed time basis, to
permit an unfilled demand to have its priority raised so
that, after an appropriate period of time, it can rise
to the top of the iist, and be filled. This upgrade
process will prectude one plan, though in a stabilized
condition, from being totally shut-off from supplies.
This rate of improvement can be assigned simul taneocusly

with the initial priority level.

Other allocation policy changes are directed at the
handling of on—-hand inventory. The first policy requires a
change in the inventory utilization perspective. All assets,
both CONUS and other than CONUS (OCONUS), must be viewed as
having some degree of giocbal availability. CONUS assets, the
primary inventory, will continue as being usable at any
global location. OCONUS assets, those in various preposition
locations, will have a primary end-point destination (its
theater of prepositioning?, and a series of secondary
locations that they can be used in (Ref 35:18~11). This is a
conditional availability with the following restrictions:

1. O0Of the total stockage in a prepostioned location,

there is a minimum inventory level that is to be held

for the primary location. Any amount above that minimum
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N . « < o e el Y AP R I R Sl - PO L RN LR IR
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level is available to the secondary lopcations. (This

amount can be determined from inventory records, and

could be an adjustment to the number of days of on-hand

supplies.)

2. The secondary locations will be rank ordered for

each proposition location, and will be ranked on a basis

of distance and delivery capacity. Certain locations
may not be supportable from particular preposition
locations.
This global avaitability concept is designed to increase the
amount of readily usable on-hand materials.

The last allocation policy to be examined affects the
primary inventory, the CONUS stockpiled assets, particularly
those items identified as critical supply items., To
judiciously issue critical items to only the most needy units
requires a policy that limits the amount of inventory that
can be released under particular circumstances. This is a
palticy of "fencing" inventories and it is similar to the
previously mentioned minimum stockage level concept. For
this study it will be based on total inventory stockage
levels, This policy can be incorporated through use of
existing project codes, that are assigned to the various
inventories, and implemented by decision—-maker directiv.s to
free assets of a particular code once specified contingency
conditions have been met (those being time, unit commitnent,
or other decired basis). The desired impact of this pclicy

is to have something to issue to an important regue:
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Diversion Policy

Once all of a particular inventory is committed, in
moticn to various respective locations, and an urgent request
is received, the request must be either held until new
acquisitions arrive, or a moving shipment diverted to fill
that urgent request. The variations in military cargos
significantly complicates the feasibility of implementing a
diversion policy, but, with the following restrictions, it
could be made workable:

!+ Only a limited number of items are considered as

feasibly being divertable, The diversion candidates are

those items which, when packaged, containerized, and
palletized, retain a homogenous nature. The purpose for
this is to eliminate the need to break open a pallet or
container to find a single item. Typical items are
class UV items C(ammunition’, class VII items (major end

i tems), and class IX major component parts (engines,

transmissions) {(Ref 46).

2. Only point-type diversion will be attempted, and

0" A

i then only within CONUS boundaries. The transportation

2

. . , :

?ﬁ network involves several processing points, as well as
¥4

transportation legs. A comparative analysis of the

times spent processing versus transporting indicates

LN
w

EPELE AR

thet there is a greater probability of "catching" the
cargo at a transit point than while it is enrouts. The

CONUS boundary limitation is added as transportation

39
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agssets and information passage are much more responsive
here than cutside of CONUS. This combination causes
each transit point to be viewed as a dynamic,
time-sensitive resource location (a mini-depat).

3. Only extremely high pricority requisitions would be

considered as diversion requirements. The priority

z;& designation can be either the combat intensity priority
aj previously discussed, or the current UMMIPS designator.
;if If the priority exceeds some predetermined level, the
v?: system will begin polling the transporation routing
:#;j scheme, in a predetermined order, to determine if there
;5 is a divertable shipment and, if possible, execute the
";: diversion.

féj The diversion process is only possible if timely

;{ location information is available for moving shipments. The,
.:; Logistics Intelligence File (LTF) is currently set-up to
;?. receive image reproduction of transactions documents as the
-:3 shipment moves to its destination (Red 6:3-3). An

tz; enhancement to the LIF system could provide the monitoring

f information (running tab by inventory item) per transit

ﬁs location that would be the necessary source data for the

:; divert decision. Additionally, to prevent any transactions
.ﬁ' from being lost, an interface with the automated processing
'Zj svatem (CCSS) is required to provide automated cancellation
‘sg of the initial release order, fil) of the high priority

¥ reauest, and reorder of the first requisiticn. Currently,
’3 the Transportation Routing Index (TRI)> has the capability,
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with extensive manual manipultation, to divert rauted cargos

on a limited basis. The proposed conceptual system is
designed to provide an automated capability, and will be used

for study purposes.

System Conceptualization

The development of new flexibiliy concepts for the U.S.
Army logistics systems required a new conceptualization of
the system as a whole, Within the development of thie new
structure, allowances were made to permit full implementation
and experimentation of the new policies. The task
accomplishment required examination of how the new policies
interact with the processes of the logisiticse system,
observation of the systeins resultant behavior, and

measurement of the relative impacts for turther analysis.

Structural Model

g e W e nNow W LT P TRV AR TP e P JRICE
D T AR AR Y () A ot LA iy

The concepts developed in the previous section are
designed to provide timely allocation, and i{f necessary,
diversion of critical items of supply. The concepts car be
briefly summarized as:

1. Priority designation system, based on urgency of

need/combat intensity.

2. Limited global availability for all on-hand

inventories.

3. Controlled release, or "fencing”, of critical item

inventories.
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4, Diversion of routed cargos to fill extremely high

priority requests.

However, these concepts cannot be praoperly exercised without
additional information inputs tc the DA/JICS decision—making'
authority. These decision—maKers also require information on
global situations and stockage congiderations. The globai
situation data is needed to determine the relative importance
between competing demand generation locations. Historical
records, present tendencies, and future prediction are used
to determine each location’s urgency of need. The stockage
data includes on-hand inventory, its global locaticn, new
acquisition amounts and anticipated delivery dates. Figure 2
depicts this information flow network, and how these inputs
contribute to the evolution of the apportionment and
diversion policies. Within the two policies, the new
concepts are feasible.

The task of modeling a system is eased if a pictorial
representation can be made of that srystem. Figure 3 provides
such & picture, in the form of a causal loop diagram. This
visual depiction of the U.S. Army logistics zystem is an
abstraction, and as such requires the modelers to define
those eiements included in the model.

Within the causal loop diagram, all relationcships,
except for the two policies, are measurable in terms of unit
cargos. Feedback indicates that relationships can influence
each other; however, feedbacKk does not have to exist ewen

when direct relationships do exist. Positive and negatiwve

42
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signs on the arrowtips indicate positive and negative
correlation between increases and decreases of variables in
the same loop. A net sign is found by multiplying all the
signs Qithin a loop. A positive net sign shows that the
relationships within the loop continue to increase unless
restrained by an external factor. A negative loop seeks
equilibrium when acted upon by an external force (Ref 5.
Examination of the relationships begins at the
Apportionment Folicy; the result of a transformation of
inputs by the DA/JCS Decision-Making Authority. The
apportionment policy is the directive quidance as to how the
Critical Item Inventory is to be disbursed, and as guidance,
it is more appropriately described as an information
relationship than as an activity interaction. Conversely,
the Critical Items Inventory relationships (with Newly
Acquired Stockes, Peacetime Consumption, Location #!
Allocation, and Location H#2 Allocation?) are all direct
activity interactions. All Newly Acquired Stocks contribute
positively to the amount of Critical Items Inventory, while
the other three reduce the amount of Critical Items Inventory
as their own quantities increase. The relationship between
s Location’s #!1 and #2 Allocations is such that as the amount
of one i¢ increased, the other decreases, this due to the
Timited amount of total inventory available. The remaining
relationships, with one exception, describe the flow of
cargos to ultimate destination, their consumption, and

resyl tant initiation of new demandz. The exception is the

R e R P e NP e o
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relationship of Locations #!1 and %2 Supplies Enrcute, and the
Diversion Policy. The Diversion Poli«y, as well as the
Apportionment Policy, is directive guidance from the DA/JCS
which switches the end location of a moving cargs. For this
ervperiment, Location #2 will be the receiving destination and
Location #1 the losing destination, thus the one-way
descriptive sign. This diagram assists in ‘he
conceptualization and formulation of the system simulation

moda].,

Summary

Chapter Il has described how the problem was
conceptualized in order for the computerization to be
structured. The apportionment and diversion policies were
discussed. In addition, restrictions upon the structural
model were discussed.

Chapter III describes the computerization of the
conceptualized structural model! for multiple contingency

logistic support.
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Ill. Simulation Modzal Description

L

Introduction

Pritsker”s Simula*ion Language for Alternative Modeling
SLAM) was selected to serve as the test vehicle for this
simulation experiment. SLAM (s a powerful simulation
language that provides the user with multiple capabilities to
model networks, discrete events, continuous events, or any
combination of these three processes. Since the system’s
basic structure is a network base with discrete event
decision processes, SLAM‘s flexibility provided the
opportunity to model the system as a network with event
nodes. The discrazte event processes, representing changes of
state within the system, were modeled within the event nodes
utilizing user-written FORTRAN subroutines. The reader is

referred to Introduction te Simulation and SLAM (Ref 22) for

2 more complete description of the language and SLAM’s

capabitities.

SLAM_ Ne twork

The SLAM netweork was divided into five inter-related
subne tworks: (1) clock/generation subnetwork, (2) CONUS
apportionment subnetwork, (3> OCONUS apportionment
subne twork, (4) recycles/divert subnetwork, and, (5
transportation subnetwork. The networks and FOxRTRAN
subroutines interactions wil)l be discussed in the following
sections,

1. Clock/generation subnetwerk., This network, depicted

47
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in Figure 4, ie used to establish the operating cycle of
the experiment and generate the demands and supplies
available for the system. The time unit established for
the simulation was one day. Once each day, new
requisitions were created and portions of the total
inventory were made available for issue. Event nodes i
and 2 were utilized to generate demands for destinations
1 and 2, respectively. Ewvent nodes 3 and 4 were used to
determine how much on-hand inventory was available, per
day, from CONUS and OCONUS sources. The products of
these four generations were inserted into the second
network, the CONUS apportionment subﬁetwork, for
handling of the suppliy-and-demand process., The entities
were created and assigned attribute values to match
requisitions and supplies, kKeep track of a particular
type of item, and route carqgos to final destinations.
Event nodes S5, &, and 13 are used to route unfilled
requisitions through the full cycle of fill
possibilities and are sequenced to execute daily. Ewent
5 is called after all CONUS resources have been i
utilized. aAny unfilled demands are removed from the
CONUS apportionment subnetworkK, and entered in the
OCONUS zpportionment subnetwork. Once OCONUS resources i

are utilized, eovent 6 is called to remove any untilled

requis. tions from this subnetwork, and enter them into
the Recycle or Divert subnetwork. 3Similarly, after all |

recycles and diverts are accomplished, esvent 13 is
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34(3 1, Generation of locaion #1 Requisitions,

f:f\ 2. Generation of location #2 Requisitions.

TN 3. Determination of daily avallable CONUS Inventory.

N b, Determination of daily available OCONUS Inventory.

T 5. Unfilled requisitions movement, CONUS + OCONUS fill.

. 6. Unfilled requisitions movement, OCONUS fill * Recycle or
"R Divert Network,

o 13. Unfilled requisitions movement, High priority requisitions
o to recycle.

e

Figure L. Create / Generation Network
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called to remove any unfilled high priority demands, and
recycle them for the next dayr.

The gernerstion of entities, and their cyclical
movement through the system follows this daily pattern

in Table 1.

—
¥
Ip
=
m
"-‘

Event

Create node releases (any recycled requisi-
tions arrive in their appropriate queue

nodes) .

Location 2 requisitions are generated

and ar-~ive for queueing.

Location | requisitions are generated

and queued.

CONUS inventories are made available
(requisitions and items matched and

processed) .

Unfilled requisitions are moved from

COMUS-fil1 to OCONUS—-fill gqueues.
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i*' .3 QCONUS inventories are made available fnr
. selective use.

N

ol

R

ls

e b Unfilled requisitions are moved from
OCONUS-fill to Recrcie or divert network.
Yah

2%

2o
'Qﬁ .7 Unfilled high priority requisitions are
i;j moved for recycling to next day.

E:S

'

* 1.0 All recycles are scheduled to arrive at
AL

Y

b CONUS fill queues at |.@.

58
S End of daily cycle.,
AN

S

jgj 2. CONUS Apportionment Subnetwork., This network
. AN

‘ depicted in Figures Sa-j, receives inputs from the
f;_ user—written event subroutines and performs a crcle of
)

?ﬂ operations simultating the supply and demand process.
¥

. The first process in this network is the rank ordering
S

o 4

"ﬁ of all demands, based on a highest-vaiue-first (HUF)
d.'(“i

!

Eﬁ ascessment of the combat intensity priorities. Thece

values are assigned as entity attribute two. NMNext, the
demands are matched with entities representing CONUS
supply assets. The matched transactions are then
branched for destinations, and, using Accumulate aor Go

On nodes, consolidated from individual items to pallet
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Figure 5.a.
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loads for transportation. This firat process reprecents

actions at a CONUS-based materiel/storage site, the fill
‘g\ of requisitions, palletizing the cargo, and shipping to
J%ﬁ a Consolidation and Containerization Point (CCP)>. The
'j‘J arrival of palletized cargne at the CCP‘s are simulated
é& br epntities arriving at event nodes 7, 8, 9, and 19,
?S The nodes represent CCPs for sealift and airlift to
;; location 1, ard sealift and airlift to location 2,

respectively. Once a planeload or shipload is

»
R D 3 4

configured, the entities are removed from this

subnetwork and a single entity, carrying attribute

values for the item quantitites, is entered into the

LA A
-t A ..ﬂ‘.“-ft.. -

transportation subnetwork. Figure 5 depicts the

f;‘ process that diverted cargos use to re-enter the
}ﬁ transportation system. Enter nodes 4, 7, {4, and 15
f&é represent cargos diverted from destination #1’s sealift
 ii CCP, airlift CCP, sealift POE (Ref 18:21), and airlift
:fﬁ POE, respectively.

0
 5 3. OCONUS aApportionment subnetwork. This netwcrk,
:aﬁ depicted in Figures éa-d, operates once all transactimns
'?E have been made for CONUS available assets. The unfilled
,:j requisitions, in the CONUS Apportionmert subnetwork, are
i; wi thdrawn from the CONUS fill queues, and are placed in
‘j OCONUS fill queues. The requisitions, as in the

g previous network, are ranked by the combat intensity

: priority and processed for fill by OCONUS assets. The
iﬁ matching process in this network is the same as that

k- 62
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OCONUS Apportionment Network, class V demand-fill process, and inventory adjustment.

Figure 6,a,
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Figure 6,b, OCONUS Apportionment Network, class VII demand-fill pbrocess, and inventory adjustment,
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used in the CONUS network, except the matchup is Keyed
te a different entity attribute. The matched
transactions are palletized and cunfigured for shipment,
but will be moved by airlift only (as opposed to botn
air and gea 1ift). The configured shipments are then
entered inte the transportation network,.

4, Recycle/divert subnetwork. This netwoark, demicted
in Figure 7, processes the handling of a particular
dav¥’s normally unfillabile requisitions. The first step
is a check for possible fill-by—-diversion requirements.
If there are enough requests, aof sufficiently high
priority, and for the destination of greatest interest,
the diversion subrcutine wil! be executed.

The unfilled demands that are not Keyed for
diversion, either due to destination or low priority,
are then routed through a priority adjustment process
and recycled. The unfilled requisitions go through an
assignment process where its combat intensity priority
value is incrementecd, and are then scheduled to arriwve
at the CONUS apportionment network at the start of the
next day’s operational cycle. This process permits a
low priority request to gain sufficient worth, over a
period of time;, to come to the top of the qusuce and be
filled. Also, varying the improvement increment rate
will cause some iow priority requests to rise fastenr
than others. Once diversion considerations are

conmpleted, the unfilled high priority requisitions are
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V ﬁ similarly processed and recycled.

N 5. Transportation subnetwnrk. This network, depicted
:g; | in Figures 8a-i, represents the cargo transit network
'séi from CCP’s to respective end-point destinations. This
"é; network reprecents intermediate point nrocessing times
”;V as well as travel times. An entity entering this

: i

E% network represents a consolidated load leaving a CCP.
f@ Its first activity is representative of the travel time
?:2 required to move the load from CCP to POE. At this

T% point, the configured loads are processed for movement
-v_.d

from POE to ultimate destination. The queue nodes

. o
N e

represant the processing required at the respective
. POE“s. The Celct nodes represent the forward location

of the requesting units. As the quantity cf an item

{tﬁ type in a given cargo load is recorded as an attribute
7:5 value, it is possible tec monitor a cargo enroute by

?ﬂ "catching” it in a gueue node and reading the desired
;gf attribute. Thisgs capability is essential to efficient
wé? diversion of moving cargos.

Y

_é% The varying entry points represent air and sea lift
v;‘ for each destination. The entry points are nodes ¢ for
:g sea POE for destination 1, 18 for arr~ial POE to

destinmaticn 1, 11 for SPOE to destination 2, and 12 for

‘;i APOE to destination 2. Each of these points are CONUS
;j§ based. The ltast branch represents the movement of

‘:é pre—-positioned )»tems from one OCONUS theater to another.
q

~:5 The Colct nodes collect statistics on number of

S

P .
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W‘t cargos delivered, and the time statistics involved,
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3,0
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| ig FORTRAN Inserts
t:g The user written FORTRAN subroutines are designed to
{3. simuiate discrete events., The thirteen events, used in the
q;; simulation mocel, are of four basic types: (1) Qeneration
iig events, (2) requisition movement events, (3) cargo
&

consolidation events, and (4) a diversion of routed cargo

A

event,

Generation events. As previcusly mentioned, events 1

* and 2 are uUsed to generate . daily requirements +or

*T locations 1| and 2, respectively. The qu~ntity of the

;*? requisitions is determined stochastically, and each

riﬁ requisition, or entity, is assigned a set of seven attribute
ZEH values, as follows:

Attribute Definition

2:j 1 Requesting location

jg‘ 2 Combat intensity priority

i_ 3 Priority improvement rate

3 __§ 4 CONUS supply utilization code
’ 5 OCUNUS supply utilization code

Sg é Type of supply item
_:: 7 Mark time
-,

;j These entities a1 e then entered into the requiciticn port)an
&
X 79
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13:5

2

~§5 of the CONUS apportionment network,
f;: Events 3 and 4 determine the quantities of CONUS and
?é: QCONUS inventory that are available for use on a civen day.
;jg The quantities are determined by the policies being

iu: exercised., Each c¢reated entity simulates one supply item,
52: with the attributes of importance being:

+ g

ke
~;'?‘ Attribute Definition
“?ij 1 Supply source code

??3 4 CONUS supply utilization code

5 OCONUS supply utiliza'ion coue
f?&; é Trpe of supply item

fd These entities are then entered into the inventory portions
:h? of the CONUS appor*ionment network and OCONUS apportionment
..': rne twork.

‘X
féi Requisition movement events. Ewvents 5, &, and 13 are
fii used *to move any unfillied requisitions to sach possible

l%: source. Event 8 moves untilled recuisitions from CONUS-fill
-f to OCONUS-fill networks., Event 66 moves any remaining demards

from the QCONUS~fill ne*workK to the Recycle/divert network.
Svent 13 mcves unfilledg high priority requests to the recycle

channels.

Cargo consolidation events., Ewents 7?7, 8, ¥, 16, and 1!

are used to configure pallets into plane and ship loads.

80
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These nodes read the numbers of pallets of critical items

'23 processing at each respective point, determine if these
T&; amounts 2re within minimum and maximum standards, and, if so,
;E removes those queued entities and inserts a single entity
s
\ﬁ? into the transportation network, The new entity carries
:é different attribute values, assigned as:
o { Attribute YValue
) 1 Destination
g 2 Cargo number :Material Release
{‘ Ircer Numbe:)
'f; 3 Not used
R
'ff 4 # of Class V items
R~ 5 # of Class VII items
tj é # of Class IX items
i%‘ 7 Mark time (carried from requisition)
3
;3 Events ? and 9 configure shiploads; events 8, 16, and 1!
;§ configure plareloads.
.

g

Civersion event. In event 12, the diversion event, whlen

the number of

1]

the qrantity of high priority demands equal

items in a palletized load, the search for a pallet load in

o) Vo

.

3

shipment is initiated. 7he search is accompiished bv an

K
-

v

crdered polling of trans:t rocescing paoints, represented by

queue nodes. These nodes, si! from destination 1, 0 poiing

> . ey
-l

a"a v 0 4 a

order, are szali+t CCP, airisft Wi, cealift POQ . ans zarlatt

-,

N

-
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POE. If & cargo load is availabie, it is halted, and
redirected to the new location. The hich priority
requisitions are matched as filled.,. A new set of demands,
representing those cancelled by the diversioh, are
imrediately generated and entered into the system. This
precliudes the needs of the “irst requesting unit from being

tmet in the system.

Summary

SLAM enter and event nodes schedule the entry of carge
through the contingency logistic support system. The
flexioility of the model is given by event nodes where
user—written subroutine model changes of state for the

system.

Chapter IV discusses the verification and validation of

the simulation model.
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IV, Verification and Validation

e
[4

L
s

Introduction

Chapteir Four will discuss the evaluation of the

{ simulation model that was constructed for this study. The
uyh. evaluation of a computer s:mulation can be divided into three
t&; phases. The first phase is verification - insuring that the
%fé mociel behaves as it was intendec to behave. 7The next phase
»13 is validation - testing the agreement between the behavior or
the model and that of the real system. The final phase is
?L probiem analysis - the drawing of statistically signiticant
; 5 inferences from the dats gencrated by the computer model (Ref
’ff 32:38>. Each of these phases will be described in detzil,

3‘8.?1

l* | Verification

o

;QQ Model verification was a continual process, with the
o

model being tested for proper operation after the addition of

--§ each event ana subroutine. The modular design of the model,
;5; as well as the event oriented SLAM simulation language,
;:? facilitated this systematic verification process (Ref 1%:20),
?35 During the verification phase of the computer simulation,
v&i three major aspects o? the mcdel were tested, First, the
-:f‘ demand generation/fill and the processing/transportation
EE networks were monitored to verify proper operation of the
E; model. Second, the cata obtained from statistical
';; distributions were tected for goodness—of-fit. Finally, the
ié model was tested at extreme values of input wvariables to
oA
B3 82
%
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assure that hypothesized relationships were consistent with
the design of the model., Print statements were inserted at
appropriate places in the computer model to record the values
of attributes and variables of interest. Also, files were
printed, and the correct value and order of their contents

were veriftied (Ref 1:233).

Distribution Goodness—of-Fit Tests:

The distributions used in this simuiacion model were
tested for goodness—of-fit by applying the Kolmogorou=Smirnov
test. Sample data were obtained from trial simulation runs,
and data conformit: to the desired distrioutions was
evaluated. The test that was performed failed to reject the
accuracy of the assumed distributions. The Max (Abs Dif+)
for each distribution was obtained from SPSS. A tabulated
valya greater than the Max (Abs Diff) indicates that the
distribution is producing the desired data (Ref 33)., The
hypothesis tested was that the distribution was Uniform

(3,9). The results are shown in Table 2.

DISTRIBUTION GOODNESS-OF-FIT TEST RESULTS

DISTRIBUTION SAMPLE SIZE(n) MAX(Abs Dift¥f> Tabulated
Value
(x=.83)

Demands Generated 10 .270 .409

84
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The triangular distribution was seiected for procecsing
times and travel times, This distribution was selected
because the times normally occurred at the mode of the
distribution. The first step was to identify an interval
fa,bl in which it was felt the random quantity (process or
travel time) would lie with a probability close to {. The
estimates of a and b were obtained from DARCOM experts who
weire askKed foar the moet optimistic ard pessimistic estimates,
respectively, of the times indicated (Re+ 7)., These
optimistic and pessimistic estimates were ascessed to cccur
infrequently. 7The experts were also asked for their
subjective estimate of the most likKely time to perform the
process. This most 1ikely value, m, is the mode of the
distribution. Given a, b, and m, (fig ?> the random variable
is then counsidered to have a triangular distribution on the

interval [a,bl with mode m (Ref 12:166).

e A e = |

f(x)

2/{b—-a) 1

Figure 9 - Triangular Distribution
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Model Operation

The proper operation of the model was verified by using
the SLAM simulation language’s organic trace option to
moni tor the demand/generation fill and associated processing
and transportation sequences. Hand calculations were

performed as necessary and compared to computer resul ts,

Model Testing at extremes

During this phase of the verification process, certain
variables included in the model were set at leveis wel)
beyond thuse planned for the experiment. All such simulation
runs produced results consistent with the behavior

hypothesized for the outcomes of system relationships.

Validation

When validating a computer simulation maodel it is most
useful to compare simulated results with the results of a
Known system. Appliying this technique to the contingency
support environment is not possible because actual data based
on combat experiences is not availakle. Therefore, for a
model of this type other methods of validation must be
pursued.

Law and Kelton (Ref §2:338) discusg the following three
step approach to validation:

. Develop the model with high face validity.

i
2. Test assumptions of the model empirically.,
3. Determine how representative the results are.

86

T Y UL PR IR _._\ AT N 0 T S I W I IR T, TR
D IATIAT A YA AT UL DR L TR LY SR AL, 8 T Sl L L L B Y TN ER ENSCR TR AN



0 S Sk SR Vil i et e T i S i AN A e g i Sl RSN e T Rt i B e SRS N St A RIIC A R AT Al SR S A

These are the criteria used to establish the validity of the

contingency simuiation model. Each step will be discussed.

Face Validity

A& model that has high face validity is one which seems
reasonable to people who are Knowledgeable about the
cimulated system (Ref 19:13)., Face validity was a driving
force behind each phase of this model’s development. Toward
this end, individuals familiar with contingency support and
the DTS (Defense Transportation System) were consulted during
the design of the model (Ref 48>, and all felt the approach
and assumptions were lcgical., The model was initially
validated using the QGERT simulation language, then converted

to SLAM.

Empirical Testing of pssumptions

The assumptions built into this mode! were included to
simplify the model, while maintaining validity. The experts
consulted during model development confirmed that these

assumptions were reasonable, given the scope of thisz reseerch

eftfort (Ref 48> .

.' J"l‘f' T i
NI
A SRR SR I A

i
L3

Simulation Qutput Data

A modified Turing test was used to validate the

v

LR

Y T T

simulation output data {(Ref 12:341). The object of a Turing

CRRARR

XX

ES

19!

test is to find people who are directly involved with the

-‘- & -
B2 actual srstem and to ask them to compare the recsults of the
R
M
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‘;E simulation with the outputs from the real system. Since
there was no actuxl contingency data for the SW Asia/Europe
svstem, the Turing test was modified for application to this

-, S mode | .

"

The DRRCOM experts were asked to predict the delivery
ratios under varioug scenarios. The ratios obtained from the
experts were then compared to the cutput data from the
simulation model. The predictions agreed favorably with the

model output data.

Summary

Now that wverification and validation of the model is

complete, we can beqin testing of the system described by the

4
g modei. Based on the vaiidation and verification results, the
¥ model output should provide an accurate representation of the
ﬁg incorporated flexibility measures for logistical contingency
X support. This chapter has decscribed the verification and
e validation of the model, and Chapter V describes the data
{35 collection process, measure of merit determination, and the
-

experimental design used.
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V. Rata Collection and Analysis

Introduction

This chapter reports the results obtained by controlling
the priority system, OCONUS supplies, diversion, and fencing.
Sixteen pnlicies were evaluated and ten replications were run
for each policy., The data was analyzed to make relative
comparisons amang the policies, Finally, a sensitivity
analysis was performed to evaluate the effects of changes in

the importance assigned to the response variables.

Measure of Merit

For this thesis, each simulation run begins with a
contingency area creating demands (for critical items> upon
the supply system. Then, a second contingency area erupts
and creates additional demands for scarce resources (critical
items). Each run is characcerized with specific values
assigned to each independent variable, or factor level. With
thegse conditions specified, the delivery effectiveness of the
supply/transportation network can be measured by the total
number of pallets delivered in total number of dars in the
srystem (Ref 24:41i-42). This measure of effectiveness
accounts for the three types of supplies (Class V, VII, IX»
weing modeled. They are aggreagated in each load by weight
and volume criteria. Additionally, this measure of
effectiveness is for the contingency area having greater

national importance (Area Two in this scenarioc) and accounts

a9
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for the last 60 days of the 98 day contingency period. Thus,
the measure of merit for the model becomes the ratio of these
two measures, or total number of pallets delivered by total

number of days to deliver (Ref 48).

Sample Size Determination

After designing and constructing the simulation model,
one of the next major considerations is to determine the
necessary number of replications to assure that the mean

ratio computed for each factor level combination satisfies

the desired accuracy requirements, This determination stems

F: from the hypothesis testing that the sample mean is the
»“:\
N actual mean.
e
LY
l::\
Ho: K = sample mean
L Hi: B = sample mean
Q Since hypothesis testing is based on observed sample
b
-~ statistics computed from experimental observations, the

decision is subject to possible errors. If the hypothesis is

true, but rejected by the sampie, a type I error is

commi tted. The probability of a type I error is designated

oY S

as a, If the hypothesis is accepted, but the alternative

LT L

[P A

hypothesis is true, a type Il error is committed. This type

+

v

MYt

of error is designated as B, The determination of sample

size should consider both types of error.

)

The objective of the sample size determination was to
attain confidence that the sample mean would be within

one-half unit of the true mean., To determine the number of

RN AA T TR/ RPN
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runs, N, required to achieve this level of accuracy, the
procedure defined by Shannon (Ref 22:18%) was used. The

required number of runs is computed using the equation

dz2

where t = tabulated t statistic,
52 = estimate of variance obtained in the trial
experiment, and
d = the half width of the desired confidence interwval.
The t statistic, using the procedure described by Hicks (Ref
11:19) for two-tailed tests with « and B considerations, is

found by

For this experiment, acceptable o and £ levels were set as
N .10 and 8.36, respectively,.

The determination of S2 was obtained from a trial

e experiment of 20 simulation runs, where each factor was
AN maintained at a fixed level. The results of the experiment

e are shown in Appendix E.
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L s The computations are:

e
o
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X =L Xi = (36.686>/20 = 1,833

n
»éf S2 = |  EXi - X)2 = 1¢a.258) = 8.013
n-1 19
K t = 1,729, for 1% degrees of freedom.
o 3
o 2
e
- t = 1.845, for 19 degrees of freedom
N\ £
'.:‘u 2
N t = 2.774
e
o t2 = 7.499
-7 d = 0.1
g dz = @.01
‘:/
K. N = (7.695>¢0,813> = 16.003 ~ 10
'y (8.81)
.'"
f:f Based on this result, the simulation should be run 18 times
SN
j‘T for each Ffactor level combination. This will provide %8«
-J confidence that the sample ratios are within one-half urit of
l-~4
B the true ratios (Ref 13:449-479).
Eo— To eliminate the possibility of a.to~correlation within
'Qq the output data, the model was designed in such a manner to
'ﬂ-“
j@' insure independence of the output data points. Each data
>
e point represents the mean delivery ratio achieved over 18
ﬂ% simulation runs. Each of these runs begins with the same
:% parameters and conditions. The random number stream is
o
.‘, continuous for the collection of this data point. IlJhen the
f: next data point collection procezss begins, the random number
o
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atream is reinitialized and a new sel of conditions is
established. The same collection process ic then repeatsd
for this 18 run sequence. Thus, each data point is not

dependent on previously generated data points,

Experimental Dezign

At the beginning of an experiment, there may be many
conceivably important factors. One may suppose that not all
of the factors have a significant influence on the results,
but usually only a select few actually da, Since the
significant factors are not known, it is necessary toc screen
the full set for the important ongzs (Ref 11:3-6>.,

Initially, the seven following factors were
investigated:

1. Priority of demands

2. Controiled release of On—-hand Inventory, ("fencing")

3. O0OCONUS Depots

4. Diversion

S. Number of Demands (High or l.ow

6. New Acquisition Rate

7. Processing Times

Discussions with DARCOM indicated that the factors of
fencing, OCONUEZ, diversion, and priority were expected to be
significant, These four factors were analyzed using a full
factorial design. A full factorial design is one in which

all levels of a civen factor are combined with all levels o4
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svery other factor in the experiment. A1l four of these

factors were vwvalyated at two levels., These two levels

indicate whether or not the factor was allowed. Although

.‘.:x
if? there are many feoctors that could influence the contingency
Jﬁ? support gystem, we are limiting this analysis to the four

J;i factors chosen because of treir perceived importance to
.
2,; DARCOM planners. The analysis that will be drawn from these
'i? four factors and their interactions is considered sufficient
f{é to draw valid inferences about the total system behavior.
‘;S The first factor, fencing; is a dichotomus variable that
-
:ff; i allowed or not allowed. Level one represents the

;5 situation where fencing is allowed and two reprecents the
;f’ situation where fencing is not allowed. OCONUS depots were

avaluated at two levele. The first level allows OCOMUS

stocks to be utilized up (o a set amount, while level two

.;E deoes not allow the utilization of OCONUS stocks. Diversion
ai? was evaluated at two levels. Level one allows the diversion
:é of critical items while enroute and level two does not allow
j; diversion. Finally, the priority factor will be evaluated at
;f two levels. Level one represents a high combat intensity,
[ and level two a low combat intensity.
The full factorial design will be run with every

possible combination of the factors and levels. A total of

;i sixteen cells will be analyzed. Using 10 replications of

£

RSN P

each cell, as shown in cample size determination, a total of
1486 simulation runs will be required.

The factor levels for the proposed policies are shaan
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below for the 1é cell sequence:
CELL PRIORITY FENCING QCONUS DIVERSINN
1 Yes Yes Yes Yes
2 Yes Yes Tes No
3 Yes Yes No Tes
4 Yes Yes No No
S5 Yes No Yes Yes
s Yes No Yes No
7 Yes No No Yes
8 Yes No No No
? No Yes Yes Yes
i@ No Yes Yes No
11 i No Yes No Yes
12 No Yes No Nao
13 No No Yes Yes
14 No No Yes No
15 No Mo No Yes
ié No No No No

With this experimental design, the experiment was
conducted and data collected. A d-way ANOVA of the data was
made. A1l of the factor effects and interactions were
allowed so they could be evaluated. From this, evaluations
of the significance of the main effects are made and the
two-way and three-way interactions evaluated.

It was found that allowing or net allowing fencing does
not produce any statistically significant changes in the
Measure of Effectiveness (MOE).

From this point, a closer look was taken at the main

effects of each factor at its various levels, The objective

O
.r'_.w:,_

Jfﬁ? here was to determine which factor level, f any, would

. AN

,;jQ result in the highest pallet/time ratio when each factor is
328

considered separately.
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Finally, we attempted to identify the op:imal
combinatiorn of factor levels under which to support
contingency supply operations for critical items. Each of
the 16 cells was considered a separate policy, and the Duncan
and Scheff2 range comparison tests were conducted at the .85
level to determine which policies gave a higher pallets/time

ratio.

Data Analysis

As indicated in the experimental design section,
analysis of variance (ANOVA) using the Statistical Package
for the Social Sciences (SP88S)> was used to evaluate the four
factcrs. ANOVA tests hypotheses to determine if population
means are equal. This allowed us to check if the response
variable means were equal based on the'different factors and
their levels.

Since the tests used rely on the assumptions of
independence, homogeneity of variances, and normality, these
were investigated first. A discussion of the effects of
nonnormal ity and unegual variances was found in a standard
simutation text, It states that the Scheffe multiple

comparison procedure “,..for small sample populations can

still be compared if we take equal sample sizes, ni = n2 = n.
When actually the variances differ, it still qives valid

results if we have equal sample sizes, even if these camplec

are small." (Ref 13:473-474),

)
o

D
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Therefore, the results of the standard tests in SPZS
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were applied. These results indicate that distinctions among
the sixteen peolicies that were tested may be based on certain
levels of the experimental factors. The term four—-way ANOVA
referas to the four factors found signhificant in the studr. @A

discussion follows of the results of the analysis.

Four-way ANOVA

One four-way ANOVA run wae made. This run allowed all

of the factor main effects and interactions to be evaluated.

This indicated that three of the four main effects (Priority,

‘Ef QOCONUS, Diversion) were significant, using an alpha level of
T:§ 8.85. One main effect, fencing, was found to be

95

- ‘.

;uj statistically insignificant. &dditionally, two two—way

interactions and one three-way interaction were found to be

‘:f significant. These effects and interactions will be

;. discusesed next.

':é Main Effects

32; The only main effect found to be statistically

f! insignificant was fencing., This result was not totally

f;ﬂ unexpected. In this model, the [irst contingency area runs
A

'ié for 3@ days before the second contingency erupts. I+ a

;; demand hae a high enough priority from the first contingency
_;3 area but has not been filled when the second area begins,

Ei it‘s priority improvement factor will cause 1t to be filled
 2 before many demands from the second area (which has a highsr
‘ﬁ; combat intensity) are filled. This is due tc the sinqle
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priority srstem that overlaps tor both areas.

The main effects are depicted graphically in Figure 12,
When interpreting this figure and all following figures in
this chapter, oniy the end points of each straight line are
measured data. These end points are the ratio of pallets/day
for that particular factor level. The straight lines

connecting the end points have no significance other than to
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Figure 10 - Influence of Main Effects
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il1lustrate the change in the pallets.,/day ratioc between tactor

s

levels. Thie does not imply & linear relationship as no
attempt to evaluate the intermediate factor levels was made.
All of the main etfects behaved as expected., The
priority system effect had its highest impact when a
specified priority assignment system was used, and decreased
significantly when no system was used. Fencing was found to

be insignificant for the ireasons stated earlier, and it‘s

;gﬁ; graph was found to have almost no slope, which indicated
- S9Y
%:j little effect. OCONUS had the next largest effect. This is

- E

reascnable as previcusly unavailable supplies are now
available, in Vimited quantities, to fill demands in areas
geographically closer, in most cases, to the requesting
contingency. Finally, diversion was a significant effect in
that it allowed supplies that were either enroute to, or
intended for, another contingency area to be rerocuted toc an
area of higher combat intensity. The next section will

discues the two—-way interactions between these factors,.

Two-way Interactigns

NS

3
a
-~

'b& The following two-way interactions were found to be
B
. significant:

2%

S 1. Priority and diversion

Ned 2. OCONUS vs. diversion

S

ki \‘\V

o The interaction between pricrity and diversion is shaown
o in Figure 11, This graph portrays the results on the measure
oy

:ﬁ: of effectiveness when each policy was permitted, then not
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permitted, in the experiment. This is indicated by the scale
: 1 to 2 on the bocttom axis. The paired graph lines reflect
fx\ﬁ the measure of effectiveness when the interacting factor is
NN permi tted or not permitted in the experiment. For 2xample,
as the priority policy ranges from | to 2, the top line
depicts the experimental! results when diversion was permitted
and the bottom line depicts the results when diversion was
not permitted. The skewness in the lines, showing a greater
difference in MOE when priority was not permitted than when
permi tted, across the similar test conditions of the
diversion policy, indicates the interactive, or synergistic
effect of the factors, If there were no interacticns, the

lines would be parallel.,
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Figure 11 - Interaction of Pricrity and Diversion
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“t;f The interaction between OCONUS and diversion is showih in
ﬂ;E Figure 12. The interactive effect here is more pronounced
.

-ié than the priorit, - diversion interaction. This is due to

AXQ

" the fact that there is little change in the MOE as diversion

M . |
gtf ranges from 1 to 2 when OCONUS is permitted, and a large

cnange when OCONUS is not permitted. Recalling that (1>

diversion is kKeyed by an accumulation of a pre-determined

number of high priority requests, and (2> OCONUS supplies are
made available on a per day basis, it can be seen that when

OCONUS iz allowed, the high priority requests, being at the

,:i top c+ the queue, are filled, and do not accumulate rapidly
ﬁ%} encugh to cause cargo diversion. When QCONUS is not allowed,
'%;‘ the high priority requests accumulate, and diversion has
'fﬂ‘ statistical significance. This interaction portrays a

-?ﬁ; competitior effect, as the two alternative =zupply points,
}f: diversion and OCONUS, compete to +ill high prierity

f:ﬂ requisitions,

W

{;3 For both two-way interactions, the lines depicting the
fii‘ interacting “actor’s preser - dominated those depicting its
‘}: absence, and this corresponds with the resulits shown in the

main effects analysis.
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Figure 12 ~ Interaction of OCONUS and Diversion

Three-way Interactions

One three-way interaction of priority - OCCNUS -
diversion was found to be significant. The highest
pallets/day ratio was observed when all three factors were
utilized., This interaction was anticipated as diversion is
dependent upon priority, and, as previously discussed,
diversion and DCONUS compete to fill high priority requests.
These results are consistent and logical when lcokKing at the

analysis of the main effects, and two-way interactions.
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ONEWAY ANOVA of Pnlicies

The next phase of the data analysis was to loék at the
main effects of each factor at its two levels. The objective
was to determine which level, if any, resulted in the highest
pallets/day ratio when each factor was considered separately.
A ore~way multiple comparison could have been run to select
the best level; however, by observing‘the graphs in Figure
10, it was shown that by setting each factor at it‘s highest
level (1), the highest pallets/day ratio would result, The
final phase, then, was to attempt to identify the optimal
combinations of factor levels to support multiple contingency
operations. Each of the 16 factor level combinations was
designated a separate support policy. Each of these 14
policies ies directly related to the 16 cells in the four-way
ANCVA. A one-way ANOVA of pallets-per—day ratio vs. policy
was run for these 18 policies. The F-ratio between groups
was 382.5 which indicates that a significant differences does
exist between some of the policies. The Scheffe and Duncan
multiple range comparison tests were conducted at the 0.85
level to determine which policies offered the higher

pallets-per~day ratios.

L
.

The Scheffe and Duncan methods identified four policies

£ x
-t

§ - policies 9, &, 1, 2 - that were significantly better than

é all the other policies. Policies 3 and 7 were slightly less I
Ei significant than the policies in the first subset. The other .
3 i:
193 ,
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4{: subsets beltow these contained numerous policies and will not
DA
A

<. be discussed.

A8 Policy 5 achieved the highest pallets/day ratioc at 7.4.
3
: 3 This suggests that one of the most effective means of

contingency support is to allow OCONUS supplies to be
_f(& available to other geographic regions and to have a priority

syatem which will allow units with a greater combat intensity

)
. 2 e
PSS

to have their demands filled first, Policies 6, 1, 2 were

also in the same subset, which indicates they were

T L

AR

statistically indistinguishable from Policy S. The only real

**4 differencees between these policies, since fencing was +found
bS]
.

e to be insignificant, is whether or not diversion is allowed.
-'.?

{j Policies 5 and é and Policies | and 2 are paired with regard
;, to diversion, and the policy with the higher ratio also
UEQ allows diversion.

ii Policies 3 and 7 were in the next subset examined.

o

: These policies indicated that if OCONUS supply sites were not
_}: allowed for contingency support, then a diversion plan would
"ﬁx help to increase the pallets-per~—day ratio.

-

Tj Table 3 zummarizes the analysis of these six policies.,
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Table 3

SUMMARY OF ONE-WAY ANOVA OF POLICIES

POLICY PRIORITY FENCING QCONUS DIVERSION RATIO

S YES NO YES YES 7.43
2 YES YES YES NO 7.42
é YES NO YES NQ 7.41
1 YES YES YES YES 7.36
3 YES YES NO YES 6.56
7 YES NO NO YES 6.52

Sensitivity Analysis

N7 Several assumptions were made in this model that require
N

Kﬁ more in-depth analysis to determine the model ‘s sensitivity
L

to variationg in the values of parameters used with

2 &

h; assumptions. The assumptions that were examined more closely
Qﬁ are:
)
b
. Priority policyr
»:'.
a0 2. OCONUS policy
4
P
jﬁ 3. Diversion policy
Fag
[ ] 4. Fencing policy
::; S. Model parameters
N
;3 4. Scenario variation
!..!.4
@
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Priority Policy

The utilization of a priority policy had the most
significant main effect 0f the four policies, It wasg an
element of one of the significvant two-way interactions and
also of the three-way interactions. The priority value (s
determined by an initial setting and # priaority improvement
rate. For the experimental! runs, th? area two demands had a
higher initial value setting and a faster improvement rate
than area one demands.

In the sensitivity runs, where tha initial value setting
was increased and the improvement rates were equal to ten
percent higher for area two, no significant difference was
noted over those of the coriqQinal data runs. However, when
the improvement rate for area one was greater than are two

(1.1 to 1.81>, there was a drop in the number of cargos

‘-‘.<

'l
I

delivered to area two (gsee fppendix F.1). The drop was not

Te
ifaa
B

significant (see Appendix F.2), but it revealed a trend.
Further examination reflected that when the difference in
improvement rate ratio was 1.01: 1.2 and greater, the demands
of the location with the higher rate began to clearly
dominate those of the other jocation. Greater separation in

initial value selection ranges required longer time periods

.a- p 52 vk
_ d BRI TN

for dominance to appear. If the two contingency lacations

.
rd
.
L

are of equal national importance and each is to receive &

[ R

s
0

.
-

portion of the inventory, then the respective improvement

«
I
s e

rates should be in the 1.681 to 1.85 range. If one is much

a

w5

more important, then the mix of 1.8 to 1.1 is best, and if
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one is to be nearly neglected then 1.81 to 1.2 can be used.

Additionally, the significance of the priority -
diversion interaction is affected by the value setting of
location *wo’s improvement rate. A higher improvement rate
creates more high priority demands, which triggers more
diversions, and lower improvement rates create fewer
diversion, However, if the imprnvement rate is toe great,
then the deliveries initi1ally routed to area one follow a
round-about delivery path to area two, so caution must be
exercised in the assignment of improvement values.

The priority policy is tied to the concept of highest
valued demands get first fill. Sensitivity runs, for all
cells, with the demand queues serving on a first-come-
firgt-serve basis greatly negates the power of the priority
policy. Under this scenario, use of UCONUS stock becomes the
dominant policy, and the impact of the priority—~diversion

system becomes insignificant. Therefore, the priority policy

Fars
_x & &

mus¢ have the highest-value—-first (HVF) framework to operate

(3

PODRRY,

in to be fully utilized. (See Appendix F.3. and F.4.)

o,

- LR

OCONUS Policyr

The availability of OCONUS inventories for global use
was the second most significant main effect. The data
collection was made from rune that had a total available
OCONUIS quantity that was 1@ percent of the total CONUS

quantity. These OCONUS quantities were released at a rate of

. ten percent (of remaining amount) per day. Data analysis
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required that both the amount and release rate be examained.

The release rate was examined first. The rate was
varied from 5 to 189 percent per day, with the end results
having no significant differences., (See Apendix F.Z, and
Appendix F.é6.) Since the model! structure only permits OCONUS
slocks to be used at location twa, and the number of total
demands exceeds the total resocurces, all QCONUS stocks used
get to location two before the expiration of the time period
of interest, However, a comparative examination of the
histograms shows that the greater the availapility rate, the
faster these supplies get to the second area (See Figure 13).
Thus, if time lapse is important, then the release rate
should be greater.

The amount of OCONUS available inventory was found to be
propertional to its impact on the system. By increasing the
total available amount to 14 percent of the total CONUS
inventory, this policy becomes as powerful as the priority
policy (both policies evaluated as sole strategies for this
analysis; see Appendix F.7.), the most power<ful main effect.

Examination of the QCONUS-diversion and the
OCONUS~diversion-priority interactions revealed that these
interactions were the resulte of "competition" to fill high
priority demands. An increase in the number of OCONUS filled
demands reduced the number requiring +ill-by-diversion. The
converse is also true., Because the diversion system is
amplified by the priority policy, both are similarly

reflected with QCONUS in the 3-way interaction.
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Figure 12 Availability Rate

Diversion Policy

The diversion policy is significant as a main effect,
and it also appears in all significant interactions. A cargo

diversion, in this simulation framework, requires a set

number of high priority demands to accumulate before
initiation., Further, any high priority demands fillecd by
divergion will no longer compete for ACONUS stocks, hence,

the interactive effects, Since the diversion policy is Keyred

RREA,

by the magritude of the priority system, any changes that

o e
a2 e

e V220

would increase the number of high priority demands will also

a <

serve to increase the number of cargo diversions.

-

An examination was made of the diversion locations

AATRA

Cairlift and sealift CCP’s and POE‘s’, and it was determined

- -
X, 4

&

that tne cargos were diverted from the airlift and zealift

<

CCP’s, The reason no diversions come from the PDE‘s was due
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to the assumption that all shipments were fully supportable
by the DOD transportation system. In the data collectian
run, all cargos received at the POE processed immediately
onto an aircraft. This precluded a cargo from being "caught"
and diverted. Using a more realistic approcach that the
cargcs would be forced to queue for airlift and sealift,
further simulation runs were conducted. In the first (OCONUS
assets were also permitted) there was no significant
difference between the runs where cargos arrived and
immediately departed the POE”“s and those where cargos arrived

and waited at the POE‘s. Investigation revealed that in

t?& these situations, the high priority demands got filled by
i
'ﬁ% OCONUS supplies before sufficient demands accumulated that
:ifJ would require diversion from the POE“s. However, in the
 $§ simulation runs where OCONUS supplies were not allowed, there
fE? was a significant difference. (See Appendix F.8.) The
:T scenario that required cargos to arrive and wait for airlift
‘Eé or sealift had a 124 increase in MOE over the scenario where
ﬁg cargos processed immediately through.
:> Fencing Policy
'$§ The analysis determined that the controlled release of
E% stocks, or "fencing', policy was insignificant. Analysis of
1;@ the simulation model revealed that its insignificance was
iﬁ attributable to the newly released inventories having
gf; unspecified usage codes. In the pricrity fill framework, the
! demands from location one, prior to eruption of the second
&; contingency, were assigned the game initial values as those
»
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from location two after eruption. Unfilled Yocation one
demands, because of the priority improvement rate, alwars
ranked higher in the queues than location two’s new demands.
So, when inventcries were released, they went to location one
first, Use of this type of policy fairs no better in a
first-come-~-first-serve framewor«K as location one’s unfilled
demands are 2lready in the queue when location two’s arrive.
Test runs were also made with "fenced” amounts increased, but

these did not reflect any significant change. To make

A .

fencing =ignificant, the priority srystem would have to assign

b e

initial values, to location two demands, in a range that was

v OO0

always higher than location one, and allow oniy a minimal

EIP
PN
v

R e
v Y e

! s -'.

improvement rate. However, this structure tends to "cut-off"

Pt

hY

the first area from nearly all supplies, which is contrary to

o

s/
4 4

=

the initial intent. Therefore, a controlled release policy,

)
¢ s

where cargos have general usage, is undesirable.

R e

N
Rl

PRI -1‘

Use of a controlled release policy structured as in the

LS

OCONUS system {(stocks set aside for use by a specific

o
e

L

Ay A

contingency) would have significant effect on the MOE, but

.
2
&

?
s d L0 A

would proportionally reduce the amount of inventory available

J

A .‘
{*i for general uvse (the amount deliverable to location 1).
AN
A
P
o Model Parameters
'ﬁ3 The following model parameters were analyzed for their
A

el relative impacts on the system:

\":‘
@t 1. demand rate
2 . _
. 2. processing times
g
. ::J-
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3. new acquisition rates

4. initial inventory levels
The simulation was exercised with the demand rates from both
:3, areas being the same. Examipétion of runs made with the
rates increased and decreased caused the values of the MQOE to
be varied, but they did not cause any changes in the trends
be tween cells of the model; the dominant policies remained
the same.

Variation of the processing times caused the pallet
fJ*C histograms to shift along the time axis, but the magnitude of
the increases did not change, and once all inventories were
depleted, the reiative MOE’'s between cells is not changed.

Increasing the new acquisition rate, while increasing

the final MOE’s, also created across—-the-board increases, and

b did not affect the differences between cells. This was due
g

{;f to the new acquisitions having unspecified utilization codes.
J""-‘

2

iy - &

l.iKewise, the effect of changes in the nitial inventory

ijﬁ level was not significant as it did not create changes in the
’ .r__#
o trends between cells.
X
o

L

13
A

s »

Scenario Variation

s
.

R

.

Al though only one scenario was investigated during this

i
P
ra °

study, the model is capable of evaluating various scenario

AW
Fallg!sy DIAVRV

combinations. Minor changes in the transportation network

Y.

Fe

[P

times and the polling sequence for OCOMNMUS supplies will allow j

3
e

the model to evaluate these different scenariocs, and should

Q
i

%ﬁ not change the overall operation of the model., Ewven with a
[-2.

! ,:f_
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scenario of a third contingency, the results drawn from this

3tudy should remain consistent.

Summary

The results obtained from the data analy¥sis have been
discussed in this chapter. These results may be used to
determine the optimal policy or strategy for Army centingency
locgistical support for a given scenario and conditions. The
mean square error (MSE) of the focur-way ANOVA was evaluated
to find the statistical model for selected conditions and
scenarios. The four-way ANOVA statistical model was used for
the conditions tested in this research. Appendix D contains
SPSS results.

Chapter VI will discuss the conclusions and

recommendations that eveclved from this study.
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VI. Qonclusions and Recommendations

Cenclusions

This research project was undertaken to conceptualize
and test allocation and apportionment policies that would
enhance the flexibility of the U.S. Aarmy logistics system in
times of multiple contingency situations. The specific
issues developed were: (1) a priority system which allowed
maximum flow to the contingency having greater national
interest without completely cutting off the second
contingency area, (2) a limited global utilization of OCONUS
supplies, (3) a diversion policy for items that had not lett
the POE, and <(4) finally, the controlled release of critical
items determined by total inventory lewvel, The general
conclusion of the authors is that a useful methodology and
model has been developed in this project, and the methodology
indicates that certain policies can offer improvement over
procedures currently in use.

Qf the four concepts developed, three were found to
offer significant improvement over the current systems.
These three are:

1. Allocation of critical items based on a combat

intensity priority system.

2. Allocation of all critical items, both CONUS and

OCONUS inventories, on a pre~determined global scale.

3. Re-—apportiorment of enroute shipments.

Utilization of these policies individually or in particular

114




3

"% combinations will offer varying degrees of improvement. The
 1$: fourth concept developed, the controlled release of critical
i tems cetermined by total inventory level, did not produce a

significant improvement over the current system.

The robustness of the policies and their combinations is
- due to the operational environment. The OCONUS policy and
its combinations offer the greatest improvement if
L requisitions are filled on a first-come—-first—-serve basis.
- The priority polticy and its combinations offer the greatest

improvement if requisitions are judged on their relative

'.ﬁ importance, highest-value—first., The highest-value-first

’i syetem offers improvement over the first-come-first-serve

fj syatem, which most closely repliicates the current logistical

;?: system.

X

/E For this study, the highest-valuc—-first environment was

'ﬁ the case nf greatest interest. Under these conditions, the

J combination of priority policy, OCONUS policy, and divert

] policy had the greatest impact. Further, the combinaticn of

M priority policy with OCONUS policy, and the combination of
B priority policy with divert policy, were found toc carry

3 greater impact than any of the policies emplored on an

g individual basis. In descending order, the priority policy

'; sffered more than the OCONUS pelicy, which is preferred to

;? the diversion policy. 1t must be noted that each of these ‘
‘;S policies has sensitivities. The priority policy requires the ;
| highest-value-first environment. The OCONUS policies |

rankings were based on its available inventories being ten ‘
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percent of CONUS available inventories, and making more
stocks available increases its corntributions. The diversion
policy is sengitive to channes in the priority policy.

The controlled reiease of critical items, as determined
by total inventory levels, does not offer improvement to the
present system, if its releases are for ga2neral usage.
However, if the controlled release was then allocated to a
specitic polling of geographic reqions, its concept would be
identical to the OCONUS policy and would affer a significant
impact, but, this would eliminate that specified stockage
amount from the general usage inventory.

In a more general sense, the conclusions to be drawn
from this project are: (1> An allocation system that judges
the relative importance of competing units contingency
requisitions is preferred to the current
first-come—-first~serve system, (2) the priority, CCONUS, and
diversion policies offer improvement cver the current system,
and (3) the computer simulation model developed to compare
these policies was adequate for projection of qualitative

trends.

Recommendations

The follcwing recommendations are submitted as a result
of this research:

1. A feasibility study be undertaken to determine how

readily the policies tested can be adapted for actual

use, This should include: (1) a revisiocn of the current
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Fﬂ priority system or the development of a new system that
can distinguish different contingency operations, (2) an
evaluation of the Logistics Intelligence File to insure
that it has real~time requisition and shipment tracking
capability, (3> an analysis of contingency area ;

projected supply requirements to determine the amounts

Pilid W)

of OCONUS stocks that are available for global

utilization, and (4) an anal¥sis of various competing

-,

i -
e - ommma - -

contingency scenarios to determine comparative issue

ratios for the competing areas.

eae e
PR Per S

2. Expansion of this research to provide more detailed

-
cmm— < » v & &

modeling of Military Airlift Command force assets, the

Civil Rezerve Aircraft Fleet, (CRAF)> and the processing

pi Al i
ax F_

capabilities at Consolidation and Containerization .
& Pointe and Points of Embarkation to more accurately

S reflect the responses of the transportation system for
¥

supplies that have been allocated.

AT B NI

3. Expansion of this research to evaluate cargo

s
SRFIPUEY

movement capacities per transportation path, by shipment

) carrier and destination, to provide day—-by—-day tracking

s Tr Ts JUR T

‘3 of each pallet or planeload/shipload to determine the
areas and means rnecessary to expedite processing and

iﬁ delivery.

PRE b e NP

4. Expansion of this research to evaluate more than two

L B
P
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concurrent contingency operations, with a range of

relative values between the operations to replicate E

1

- di fferences in size and level of natiocnal importance of

o
.
“
.-
he ]
| D

- .1.-.
G

';l';.:-:(;:"k' wCunl



T S Y R W e e R o R A I X R o T W e T e e T e T e e T e LR N

the various ogperations,

S. Lastly, multiple criteria decision theory snhould be
applied to OCOMNUS prepositioned materials to determine
the military gains and political costs of inter~-theater
movement of these materials. This should include a
detailed examination of the types and amounts of

critical supply items by theater.

Further Research

This research effort shows that there are alternatives
that can be deweloped to enhance flexibility in the U.S. Army
logistics systems. However, the demonstrated trends are
qualitative, and the policies should be further modeled into
more detailed simulations of the logistices system to attain
more accurate quantitative measures, and, from that point, be

evaluated for incorporation into the system.
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APPENDIX A

SLAM DESCRIPTION

USER CALLED SUBROUTINES
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Appendix A

Ne twork Input Statement Descriptions

ACCUMULATE node description summary.

Node Trpe: ACCUMULATE Symbol: (FR_|SAVE | M
‘ éSR

Function: The ACCUMULATE node is used to combine entities.
A The combining of entities is controlled by the
g~ specification of the release mechanism
consisting of the number of arrivals required

e for the first release (FR)>, the number of
*Q{ arrivals required for subsequent releases (SR),
b and the attribute holding criterion for entities

i to be routed (SAVE). A maximum of M emanating
}? activities are initiated. As entities arrive to
;#; an ACCUMULATE node, the number of required
-f}\ arrivals is decremented. When the required
g number have arrived, an entity is released from
il the node. The attributes of the released

ﬁ? entity are assigned according to the SAVE
' 35 criterion.

B

j@ Input Format: ACCUMULATE,FR,SR,SAVE,M;

B4

",.‘

e Specifications:

k ‘

N Input Field Options Default

o .

b FR positive integer or 1

o ATRIB(INATR)

:_ SR positive integer or 1

L ATRIB(NATRS

f& SAVE Save criterion specified as: LAST
- FIRST-Save the attrihutes of

the first arrival in a batch.
LAST~Save the attributes of
the last arrival in a batch.
e LOW(NATR) ~Save the attributes

. of the entity having the

b lewest value of ATRIB(NATR) .

d HIGH(NATR) -Save the attributes
o of the entity having the

L highest value of ATRIB(NATR).
e
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SUM~-Each attribute of the
released entity equals the
sum of that attribute for all
entities in the batch,
MULT-Each attribute of the
released entity equals the
product of that attribute

for all entities in the batch.

M positive integer L
e
i
r.-.
L,
M
3
o
e
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Activity Node Description Summary

Node Type: ACTIVITY (Regular) Symbol i DUR,PROBorCOND
|

Function: A REGULAR activity is any activity emanating
from a node cther than a QUEUE or SELECT node.
The REGULAR activity is used to delay entitis,
perform conditional/probabilistic testing, and
to route entities to non—sequential nodes. 1+
the activity is numbered, statistics are
provided on the activity utilization, and the
number of active entitieg and the total entity
count are maintained as the SLAM variables
NMNACT (A? and NNCNT{(A), respectively,

Input Format:

ACTIVITY/A,duration,PROB or COND,NLBL;
Specifications:

i
1]
p
1
A
3
N
3
%
»

Input Field Options Defaul t
[ positive integer between 1 and no
1909 or ATRIB(I)=J,K statistics
duration constant, SLAM variable, SLAM 8.
random variable, REL{(NLBL) or
STOPA(NTC)
~ PROB or probability: constant, SLAM always
E: COND variable or SLAM random take
N variable. Must be between activity
™ 8 and 1

condition: value . OPERATOR.value
where value is a constant, SLAM
variablte, or SLAM random variatle
arnd OPERATOR is LT, LE, EQ, GE,
6T, or NE. Two or more conditions
can be specified that are
separated by .AND. cor .0OR.

SN A

1@

- NLBL the label of a labeled node which next

e is the end node of the activity sequential
. node

1-4

g

)

My

"«

A ’

> 124

hhd- ¥

":’A

ST AT L N A )

. e e ML e e e SN L €
‘ hmlifx‘;.‘@.;b’.xﬁi&‘m:,§> Al st s_'{'h AL

E




o
3
S
. Node Trypes ACTIVITY (Services) Symbol : DUR ,PROB
]
73j Function: A SERVICE activity is any activity emanating
v, from a QUEUE or SELECT nod2. The service
activity is used in conjunction with the QUEUE
o node to model a single server queue or a queue
P with N identical servers. The service activity
N is used in conjunction with the SELECT node to
f:: model multiple channel queues with non-identical
i servers., Statistice are collected on all
, service activities., If the activity is
A numbered, the server status (number of busy or
blocked servers) and total entity count are
¥ maintained as SLAM variables NNACT(A) and
N NNCNT(A), respectively.
at Input Format: ACTIVITY(N)/A,duration,PROB,NLBL;
o8
L& Specifications:
Input Field Options Dafault
-g‘ N positive integer !
X A prsitive integer between 1 and none
o 189 or ATRIB(I)=J,K
o
fi duration constant, SLAM variable, SLAM 8.
.l random variable, REL(NLBL) or
g, STOPA(NTEC)
. 8
jn probability constant, SLAM variable, or 3LAM 1
- random variable. Must be between
g 9 and 1. Used orly to reprecent
e identical servers emanating from
Y 2 QUEUE node as a set of
‘j probtabilistic vervice activities.
L Each activity will have the number
o of servers cpecitied on the first
» activity defined.
~, NLBL labe! of a labeled node sequential
X hode
X
.-
L v
o
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ASSIGN node description summary.

Node Type: ASSIGN Symbol: [UAR=Ualue \
M

Funection: The
vari
the
are

Input Format:

Specifications:

Input Field

VAR

value

T

ASSIGN ncde is used to assign values to SLaM
ables (VAR) at each arrival of an entity to
node. A maximum of M emanating activities
initiated.

ASSIGN,VAR:value MAR=value, ... ,M;

Options Defaul t
ATRIB(INDEX) , SSCINDEX) ,DDCINDEX) , error

XXCINDEXY, or II, where INDEX is a
positive integer or the SLAM
variable I1I.

An arithmetic expression error
caentaining constants, SLAM
variables, or SLAM random
variables. Up to 18 addition,
subtraction, muitiplication and
division operatinns may be
performed in an expression.
Muyltiplication and division will
be performed before addition and
subtraction. Parentheses are
allowed only to denote subscripts.

positive integer <
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COLLT node description summary.

Node Type: COLCT Srmbol : (IYPE ’ ID,HI‘:D
|

Functieon: The COLCT node is used to collect gtatistics
that are related to: either the time an entity
arrives at the node (TYPE); or on a VARIABLE at
the entity arrival time. ID is an identifier
for output purposes and H is a histogram
specification for the number of celis (NCEL),
the upper limit of the first cell, (HLOW) and
the cell width (HWID>. A maximum of M emanating
activities are initiated.

Input Format: COLCT(N,,TYPE or VARIABLE,ID,NCEL/HLOW/HWID  M;

129

Inoyt Field Options Default
N pasitive integer next
sequential
indax
"R TYPE FIRST - records the time of the none
N first arrival to the node. At
i i most one value is recorded per
? run .
A ALl - records the time of all
B arrivals.
o BETWEEN - uses the time of the
N tirgt arrival as & reference
) point. On subsequent arrivals,
e, records the time between
RN arrivals.
N INT(NATR) ~ records the time
fﬁﬁ interval between the time of
1SN arrival ana the time stored in
N attribute NATR o the arriving
B = entity.
A
- or
oo
nen UARIABLE Records the value of a SLAM
Bl variable:
oS ATRIB(I», XX(1>, §8<1>, DD(I>,
-, NNQCI)>, NMNRSCC(I), NNACTCID,
~EQ‘ NNCNT (1), NNGATC(I)>, TNOW, or I,
*1
W:f ID maximum of 18 characters blanks
-, beginning with an alphabetic
1 Gl character
ﬁ' NCEL positive integer no
N
e
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histogram
HLOW constant 8.a
HWID positive constant 1.8

M positive integer o
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CREATE node description summary.

Node Type: CREATE Symbol : TBC

g

S
1;4 Function: The CREATE node i3 used to generate entities
”@b within the network. The node is released

>HQZ initially at time TF and thereafter according
o to the specified time between creations TBC up
i to a maximum of MC releases. At each release, a
o maximum of M emanating activities are initiated.
5N The time of creation is stored in ATRIB(MA) of
K- the created entity.
.

Input Format: CREATE,TBC,TF,MA,MC,M;

A

ﬂﬁg Specifications:

%3_ Input Field Options Default
TN
e TBC constant, SLAM variable, or SLAM ©

$“J random variable

N :
- hly TF constant a.
.;‘

7%& MA positive integer no marking
e MC positive integer o

4%

- M positive integer <

oM

W\

e
e
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ENTER node description summary.

Node Type: ENTER Symbol:

Function: The ENTER node is provided to permit the user to
enter an entity into the network from a user-
written event routine. The node is reieased at
each entity arrival and at each user call to
subroutine ENTER(NUM). A maximum of M emanating
activities are initiated at each release.

;,‘ input Format: ENTER,NUM,M:
'3£§ Specifications:

b Input Field Options Default
e NUM positive integer error

vs . . . .
-Rx M positive integer o
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EVENT ncde description summary.

Node Trpe: EVENT Symbol

/
EUNT | M

Function: The EVENT node causes subroutine EVENT to be
called with event code JEVUNT at each entity
arrival, This allows the user to model
functions for which a standard node is not
provided. A maximum of M emanating activities
are initiated.

Input Format: EVENT,JEUNT,M:

Specifications:

Input Field Options Default

JEVUNT positive integer error

M positive integer co
|
7;
J
i
)
.
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GOON node description summary.

—
Node Type: GOON Symbol: ( M

Ny

Function: The GOON node provides a continuation node where
every entering entity passes directly through
the node. It is a special case of the
ACCUMULATE node with FR and SR set equal to one.
A maximum of M emanating activities are initiated.

Input Format: GOON,M:

Specifications:

Input Field Options Default
M positive integer w
134
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MATCH node description summary.

Node Type: MATCH Symbol :

{ NATR I
l QLE;fT [NLBL |

Function: The MATCH node is used to del

ay the movement of

entities by Keeping them in QUEUE nodes (GLBLs)

until! entities with the same

value of attribute

NATR are resident in every QUEUE node preceding
the MATCH node. When a match occurs, each
entity is routed to a route node NLBL that

corresponds to QLBL.

Input Format: MATCH,NATR,QLBL/NLBL ,GLBL/NLBL, ...}

Specifications:

Inpyt Field Options

NATR positive integer
QL.BL a QUEUE node labe!
NLBL a node label {or any type
of node
135
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error

error if less
than 2 QLBLs
speciftied

destroy the
entity
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QUEUE node description summary,

Node Type: QUELE Symbol:
‘1Q

—~11FlL
Qc

—

Function: The QUEUE node is used to delay entities in file
IFL yntil a server becomes available., The QUEUE
node inittially contains IQ entitieea and has a
capacity of QC entities. The specification of
blocking causes incoming entities and servers to
be blocked whenever the arriving entity finds
the queue i% at ~capacity. The specification of
balking causes arriving entities to balk
mhenever the queue is at capacity. Entities
arriving to a full queue will be destroyed i+
neither balking or blocking is specitied.

‘ I+ & service activity does not immediately

.J' foilow a QUEUE node, the QUEUE node should

K reference an associated SELECT node or MATCH
pode in order to maintain networkK sequencing.

T+ a QUEUE node has no following SELECT or MATCH
nodes and no following service activity,
arriving entities will remain in the queue until
removed by s call to RMOVE from a user-written

\l

=
. subprogram.

oy
Input Format: QUEUECIFL),IR,3C,BLOCK or BALK(NLBL) ,SLBL;
‘gﬁ Specificatione:
AN
}ﬁ‘ Input Field GOptions Default
i}@ IFL integer between | and MFIL error
”ii Ia non-negative integer 9

fﬁ Qe positive integer greater than

N or equal to IQ

&5 BLOCK BLOCK o~ BALK(NLBL) where NLBL none
.. or corresponds to the label of a
.Qd BALK(NLBL) labelwed node

9 SLBLs the label of SELECT or MATCH none

" S nodes separated by commas

-

.

- M

.
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TERMINATE node description summary,

Node Type: TERMINATE Symbol TC
<::>4k9 or e—AA—

Function: The TERMINATE node is used to destroy entities
and/or terminate the simulation. All incoming
ent. ties to 2 TERMINATE node are destroyed. The
arrival of the TCth entity causes a simulation
run to be terminated.

Input Format: TERMINATE,TL;

Specifications:

Input Field Options Default

TC positive integer o
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User Support and Caltable Subprograms
of SLAM used in Computer
Simulation Model
Subroutine Enter (IN,AY: Release ENTER node whose number

ie IN with an entity whose attribute vaiues are in the

vector A.

Functicon NNQ (IFILEY: Returns the number of entries in

file IFILE.

Subroutine RMOQUE (NRANK,IFILE,A)>: Removes an entry defined
by the variable NRANK from a file defined by the
variable IFILE. If NRANK is positive, it defines the
ranX of the entry to be removed. If NRANK is
negative, it points to thke negative of the location
where the entry to be removed ig stored. RMOVE loads
the vector & with the attributes of the entry removed.
The value of MFA is reset to the pointer of the entry

removed.

"ifﬂ Function TRIAG (XLO,XMODE,XHI ,IS): Returns a csample from a
T A triangular distribution in the interval XLO tc XHI

with mode XMQDE, using random number stream 1S,

,ﬁﬁ‘ Function UNFRM (ULO,UHI,IS): Returns a sample from a
) uniform distribution in tne interwval ULO to UHI, using

‘A random number stream 15,
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PROGRAM LISTING
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SRR 00 20K R KR KKK 50K 50K K 5K K R OKOX K K R 0 KKK K
KR K KK 30N R 300 KK 0 K 00K 300K 0800 30 8 3 87 359000 35K 560 0K 5 O K K 30K K K Rk K

L &4 KK
£ 3 In program main, the dimension of the SLAM WSET/QSET array is L 3
xx increased from tne defauit value, and the variuble NNSGET is K
L 3 s@t eyual to the dimension of the array. User common blocks XK
X are defined here so they will alwavs be defined. Once the £ $
xx SLAM executive program is called, it controls all program wh
L 3 functions until the simulation is completa. b 3
L $ 1 xK

AR 0OK e 00KOK 8 08 K KK KA 0082 03000 R 500 03 00 0K 0RO KK K R OO e
33020 200 32003605800 00000 20K 500000 0300030 000000000 380 38 303 0K SN MK 0 0500 3000 2 A0 3 30 0O KOK 3K K

c
program main
“ .
dimension nset(700N0)
c
common/scomi/atrib(100),dd(100),dd1(100),dtnow,ii,nfa,mstopynclnr
Xyncrdranprnt,nnrun,nnsetyntape,ss(100),3%i(100) ,tnext, thow,(100)
common qset(7000J)
c
common/ucomi/minSs,min7s,min9s,ma.Ssymax7s,max¥s,minSaymin’a,
Xmin?a,maxSaymax/n,max?a
c
equivalence (nset(l),gqset(l))
c
nnset=70000
ncrdr=3
nprnat=46
ntipes7
open(7,status=‘scratch’)
c
call slam
c
stop
end
[
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NS 00 0K 3330 300K 00 K 280 0K K 3000000 I8 90K IOK CRO00OK 30 2 008K KO 20K KK 0K
FXRSRNICKR RN RN AGR AR OK G A AN KOOI KR 30K K 0 0K 0K 00K 58K80K K N 350K KK N0k K% %K

K R KK 30503 K 08K K85 KK 3K 3 K K K K K K SO KKK R X
RAAOR IO ACIOR AR A KK AR A0 K 350 003K IOIOOROKKXOR KKK K K

Subrautire event is an optional SLAM insert which allows
interface of a SLAM netwdrk with user-written discrete event
code. By this means, processing of normal transactions is
halted while statistics are collected, or the state of the
model i3 clitermd Dy direct access to files and activitiaes.

Event i initiates thae generation of requisitions for all
claosses of sunply ltems for location 1.

Event 2 initiatee the generation 2f requisitions for all
classes of supply items fuv locatien 22,

Event 3 determines the guantities, of all classes of supply
itemsy that are to be made available from CONUS storage
locations to fill oa-hand requisitions.,

Event « determines the quantites, of all classes of supply
items, that are to be¢ made availcble from O0CONUS storage
locatione, to fill applicabie requisitions.

Event 5 removes 4ll unfilled requisitions from the CONUS
fill networx, and inserts Lthem into the OCONUS fill network.
Iv there are any unused inventories, it also resets the
network for the next operational cycle,

Event 6 removes al) unfilled requisitions from the OCONUS
fill network, and ianserts them into the Recycle/divert
network. It also resets the OZONUS f:11 network for the next
operational cycle.

Evert 7 configures the pallet loads into shiploads for
sealift from CONUS to location 1. '

Event 8 configures the pallet loads into planeloads for
airlift from CONUS to location 1.

Event 9 conficqures the pallet loads into shiploads for
sealift from CONUS to location 2.

Event 10 confiqures the pallet loads into planeloads for
airlift from CONUS to location 2.

Event i1 configures the pallet loads into planeloads for
airlift from OCONUS to location 2.

Event 12 determines if all criteria for diversion of routed
are wet andy if so, triggers the diversion process.

Event 13 removes all unfilled high priority requests from
the Divert portion of the Recycle/diverf nefwork and routes
thes back to the start of the operationral cycle.

All terms ar» defined in the Glossary.
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[

4

subroutine e-ant(ifn)

comman/sccemi/atrid(100),4:4¢(100),dd1¢100} ,dinouwyiivmfa,mstopsnclne
kyncrdrynprntynnrun,nnset,ntapeys8(100),331(100) ytnext,tnow,xx(100)

cumnon/uccnl/mlnss.nin?s,mln95.mox&u,nou?s9max99,min50.@in7o.
Amin%a,maxfaysmax’Za,mrax?a

The follouing arrays are ured for currving attribute values for
entities creuced, moved, or destrcyed.

rmal al?)yb(7),c(7),d(7),a1(7)sb1(?),c1(?),d1:7),
¥a2(7),b2(7),c2{7)sd2(7),a37)4b3(7Y,c3(7),d3(7),
Tad4(7)b4(7),ca(?)

intener basefc,base7c,hase?c,baselo,base70,base?oravalicyaval i,
Xaval?csavalBojy,aval?osavalfo,hpSiec,hp?rac, hp9rec,sunp.s,sumplar
ksunRg s, suimpla,sumpl0

70 to (1'2.3.4;556'7,8,9.10p:1,12.13).i€n

(2223233322333 ¥ 3283 3038333338 3 38030333 33333333083 ¢ 0t ad eyt

[4

Generate demcnds for locat.on 1 X

XK AR IO K L IR K K KKK NI A KKK AR 0K IOIEK X ACK KK KKK RO R KKK

<
1

nlcS=nint(triag{10.,17.,25.,1))
nlc?=nint(trinq(3..7. y10.,1)
nic?!nint(tr‘i-)q(S..lO-,!.S.pl),\
a{1)=1,0
a(3)=1,01
a(4)wi,0
al(%)=¥%.0
a({42=5,0
a(?¥=tnow
do 100 i=1,nicS
if (tnow.le30.v) then

S T I G
u'\géiuéb S

L



Aal2)=unfrm(3,0,92.0,1)
else
A(2)20nFrm(0.0,4.0,1)
endif
call enter(il,a) .. .
190 continue
na{b)=7,0
do 139 i=i,nic?
if (thow.le,30,.0) then
al2)aunfrm(3, 0 9.0y1)
slse
a(")zunfrm<0.0,6.0.1)
endif
call enter(l,a)
110 continue
a(d)=9,0
do 12G i=i,nic?
if (tnow.1e,30.0) then
(2)=unfru(3.0,9.0:1)
else
-1(2)=unf’rn(0.0,é.(')p1)
andif
call enter(l,a:
120 continue

return
c .
(3P 223383 33323233 2 ¢332 3303083328832 33380 303323233383 232388 802202843
[ Genercte demands for location 2 x

€ XA OO 000 30K 3R K00 0K K 00003 000K 9300 SOK 30K KK SR SN G NI K K H0R KKK KKK S KKK K

[ S Y]

if (tnow.le.30.0) go to 130

n2cS=nint (tring{i0.317.425.,1))

n2c7=n1nt(tring(3. v7+910. 71))

n2c?=nint(triag(S.:10:5,13:51))

b(1)=2,0

H5¢(3)=1,05

b(47a31.0

b{(TI=1.90

b(4)=3,0

b(7)=tnow

do 140 .j=1,n2cH

if‘ (tnﬂu.le.b0.0) then
b(2)=unfrm(3.07990,1)

else
b(2)=unTrm(0.044.0,1)

endif

call enter(l,b)

140 continue

h(é)=2.0

do 130 4y=1,n2c?

if (thow,1e,460.0) then
b(2)sunfrm(3,0,9.0.1)

else
b(2)=unfrm(0.0,46,0,1)

endif

call enter(i,b)

S




140
130
[

c

¢
X

€2 MR KKK KN A KB K X0 SR 00000 3SR K00 30 0 K 306 30000 3 K A AR KON AOK R KKK

continue

b(4)=9,0

do 1460 juwl,ndc?

if (vnow.le.80.0) then -
b(2)'unf‘rm(3.0.9.0;1)

else
hi2)ayunfrm(0,0,6.0,%)

endilf

call enter(l,bh)

continue

return

lletermine amounts of CONU3S inventory available todavy x

30NN NN KR KA I8 300000000 000 000000 30 KKK K 28 0 300K R K N0 ik

sEunfrmd . 72' 1)
Y‘UUPFD(O'SpioO!x)
z=unfrmiN.5,1.0,1)
HUR(2)wau (2) +x

KX {I)BR(E) +y

XK (4)mux{(4)+z
inventory increased by new acquisitions
icScmnint(xx(2))
ic7c=nint(xx(3))
ic?c=nint(xx(4))

if (tnow.le.15.,0) then
baseSc=1000

base?c=400

hase?c=4600

else

if (tnow.gt.15,0.and.tnow.12.30.0) then
basedc=823

bnse?c=350

base?c=520

else

if (tnou.gt.30.0.0nd.tnocw.le.45,0) then
base%c=4C0

baseZc=1%0

base?c=250

else

if (tnow.gt.45,0) then
basefc=0

busaZc=0

base?c=0

endif

endif

endif

endif
avaidcziclc-baseic
aval?c=ic7c~base’c
avulPc=icyc-base9c
c(1)=3,0

c(2)a29,0

c(3)=9.,0

c(4)=1.0
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170
180

190
200

210
240

c
(32233333333 3338303 2322333383238ttt it s sd st ittt sessssesesssesesstsss
Determine amounts of OCONUS inventory available today
00 00000 K 0000000000 00 303 30 02K 00 KK 30K KRR 2003 38 30 300209 30 500 200 0 3 03K 3K 0K K K oK

<

c
4

280
290

300
250

S N

c(%5)=9,0

c(4)=5.,0

c(7)=tnow

if (avallc.le.0) go to 180
do 170 k=1,avalSc

call enter(2,c)

cantinue

if (avalZ7c.le.Q) go to 200
c(é6)=7,0

do 190 Kk=1,aval?7c

call entar(2,c)

continue

if (aval?c.le.0) go to 240

ct6)=9,0

do 210 K=1l,aval9c
call enter(2,c)
cantinue

return

if (thow.1#.30,0) go to W0
icSomnint{xx (%))
ic7omnint(xx(4))
icPo=nint(xx (7))

baseSo=900

base702*225Q

base¥0=100

unfenc=0,1

AN M A OSAIAAR DAL ACMAR AR SRS R ERSA S A S ARA LS Pl o) P s e e

avalJo=nint((icSr-baseSo)Xuntenc)
aval7o=nint({(ic70-base70)¥unfenc)
aval?o=pint((icYo~baseYo)kunfenc)

d(1)=4,0

d4(2)=9,0

d(3)=%9,0

d(4)=9.,0

d¢{9)=1,Q

d(&)=5.0

d(7)=tnow

if (avalSo.le.0) go to 270
do 260 m=1,avallo

call enter(4,d)

continue

if (aval7o0.le,0) go to 290
d(4&)=7.,0

do 280 m=l,avalZo

call enter(4,d)

continue

if (avnl%0.1e.0) go to 250
d(4)=9.,0

do 300 m=1,aval?o

call enter(4,d)

continue

return
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[4 Move all unfilled requisitions from CCNUS to OCONUS network X
Cﬁ#*l*!#l*****l!t**t!********##t*******x#**#*l***txt***XX#****#********#
c
5 mSunf=nng(1)

m7unf=nnc (2)

m?unf=nng(3)

minuc=nng(4)
m7nuc=Enng(S)
m?nuc=nng(é)

n

The following do-loops move unfilled requisitions to OCONUS cycle

nn

if (mSunf.eq.0) go to 310
do 305 n=1,mSunf
call rmove(i,1,al)
call enter(3,al)

305 continue

310 if (n7unf.eq.0) go to 320
do 315 n=1,m7unf
call rmove(i,2,al)
call enter(3,al)

315 continue

320 if (m%unf.e2q.0) go to 330
do 325 n=1l,m%unf
call rmove(l,3,al)
call enter(3,al)

325 continue

c

c The following do-loops reset inventory gueues for next cycle

c

330 if (m¥%nuc.aq.0) go to 340
c¢ao 335 n=1,mSnuc
call rmove(l,4,al)

335 continue

340 if (m7nuc.2q.0) go to 3%0
do 3435 n=l,m7nuc
call rmove(1,5,al)

345 continue

350 if (m9nuc.eq.0) go to 350
do 3%5% n=1,m9nuc
call rmove(l,46,al)

355 continue

360 return

=
C 0 0 N0 20003 00K K0 K G0 2000 K 300K 00 003000 030K K0 K00 0K K KKK AR K K

o ¢ Move unfilled requisitions from OCONUS to Recycle/divert networkK X
“2 €38 00003 5K 003 00 300 30000000 00 200 30 50K 00 00 00 0 0K 00 008 R0KK K 0K 00003 KK KK MK KO 0K K 36K 0K 3K 30K K
o, c

~.Y 6 mSrec=nnqg(19)

o m7rec=nnq(20)

Ly m?rec=nnq(21)
'1rw mSnuo=nnq(22)
e m7nuo=nnq(23)

£3

m?nuo=nng(24)
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n

365
370

375
380

3835
c
c

c
390

395
400

405
410

415
420
c

The following do-loops move unfilled requisitions to recvcle

if (mSrec.eq.0) go to 370
do 365 ii=1l,mSrec

call rmove(1,19,b1)

call enter(35,bl)

continue

if (m7rec,eq.0) go to 380
do 375 il=1i,m7rec

call rmove(1,20,b1)

call enter(S,b1)

continue

if (mPrec.eq.,0) go to 390
do 385 il=1l,m%rec

call rmove(1,21,b1)

call enter(S,b1)

continue

The following do-loops reset inventory gqueues for next cycle

if (mSnuoc.eq.0) go to 400
do 39% il=1,mSnuc

call rmovel1,22.,b1)
continue

if (m7nuc.eq.0) go to 410
do 405 il=l,m7nuo

call rmove(l1,23,b1)
continue

if (mYnuo.eq.0) go to 420
do 415 i1=1,m%nuo

call rmove(l,24,h1)
continue

return

(2233223223238 23330330 ettt i s s b s bbb as b s e s e e bR it s s st e asese )]

[

Configure shiploads for sealift from CONUS to destination 1 X

C AN SR KOK 38 06000300 30K KE 0 3K S5 020 KKK KK KK KKK AOK KKK 00K KOK R KOk K

c
7

430

npcSis=nnq(7)

npc7is=nng(8)

rpc?ls=snna(9)

sumplis=npcSistnpcZls+npcPis

if (npciis.lt.minSs.or.npc?1s,.lt.min7s) go to 490
if (npcPls.lt.min?s.or.sumpls.1t.50) go to 490
ci(1)=1,0

cl(2)=xx(1)

cl(=9,0

if (npcSls.qgt.maxSs) than

do 430 .jl1=1,max5s

call rmove(l,7,d1)

-continue

cl(4)=maxSs
c1(7)=d1(7)

else

do 440 .j1=1,npcSls
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440

450

440

470

480

490
<

call rmove(li,7,di)
continue

cl{4)=npcSls

Cl(7)=ad1(?)

endif - -
if {(npc7lg.gt.max’7s9) then
do 4%0 .jlel,wmax7s

call rmove(1,8,d1)
continue

cl(3)=mox7%

cl(7)=d1 (7>

alse

do 4460 .jilx§i,npc7is

call raovel!,R,d1)
continue

c1(S)=npc7is

c1(7)=d1(?)

endiry

if (npc?is.gt.max?s) then
do 470 .Jjl=1l,max%s

call rmove(l,?,d1)
continue

Ccl(é)=manys

cl(7)=di(?)

else

do 480 jl=l,npcPls
c¢nll rmove(l,?,d1)
continue
cl(§)=npcPis
cl(7)=d1(7)

endif

call enter(9,ci)
X*R{EA)=xx(1)+1.Q
return

€ YRR S A0 00N 000 00K AR K R0 A 0O 40800 IO KRR 8 010K ORI OROIOK HOK ACH R K

c

Configure planzloads for airlift from DONUS to destination 1 x

€03 K2R 0030000 0000 0000009000 0o 0K KSR K A K K0 400000 3K 30K K00 0O SKOR K

c
g

npcSla=nng(19)

npec7lasnnq(il)

npc?la=nng<12)

sunpla=npcSla+npc7la+npc?la

if (npeSila.lt.minSa.or.npc7ia.lt.min?a) go to %460
if (ppcPla.lt.winPa.or.sumpln.lt.?) go to 340
a2¢1)=1,0

a2({2r=xx{1)

12{3)=9.0

if (npcSla.gt.maxSa) then

do 500 K1=31,maxS5a

call rmove(1,10,b2)

continue

a2(4)=maxSa

a2(7)=H2(7)

else

do $10 K1=l,npcSla
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[ call rmevetl,10,b2)
510 continue
a2{4)=npeSla
n2(2)=bh2(7)
endif -
if (npc7ia.gt.max?a) then
do 520 Ki=i,max7a
call rmove(1,11,b2)
320 cantinue
h 22(H)=nax?a
ot nAC2)ab2¢(7)
olse
K, do 3530 K1=1lsapc7la
<N call rmove(l,11,b2)
k2 53¢  continue
e a2(S)=npc71la
e aR (7 =h2¢?)
e endif
.PQ if (npc?la.gt.max9a) then
i) do 5490 Ki=l,max%a
- gl call rmove(1,12,b2)
¥ 546 continue
-l a2(4)=max%a
a2(7)=b2U(7)
elise
™ do 35350 Ki=1l,npc9ia
call rmove(1,12,02)
[ e ¥ 11 continue
. a2(h)=npc?la
) a2(7)=b2¢7)
engif
" cnll enter(iC,a2)
. ®Xu{1)ann(1d+1 .0
rﬁ‘: 540 return
d

e n«r."";'
A SRR

c
C AR KK ONOKN 0K KR GO K R 2 50 5000 300 0 0 0K 72 300 90000 A0S 30000 00 K 00K 0K 00 40K K KK

8. ¢ Configure shiploads for sealift from CONUS to destination 2 *
i&\ (St PR 22220 et PRt ie e st oss bt sssssss s st v it s it itsst

c
9 npcSla=nng(13)
npc?2s=nnq(14)
npe?28=nnq(13)
sump2s=npcSdstnpc?2s+npc2s
if (apcB2s.lt.minds.or.npec728.1temin?g) go to 430
if (npc?2s.1t.windSs.or.sump28.14.50) gou to 630
c2(12=2.0
(D)= (1)
: c2(3 =9, ¢
E if (nprS2s8.9%.maxSs) then
do 570 mi=1lsmauSs
» . call rmove(l,13%,d2)
b 570 continus
c2(Ar=manlis
c2(7)=C2(7)
else
do 380 ml=1,npcS2s
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call rwove(l,13,d2)
80 contiaue
c2(A) mnpelis
cRA(IRI2(T)
wndif
if (hpc7s .9t man?s8) then
de 590 minl,max’s
call rmove(l,14,d2)
90 continue
c2(5)=max?s
c2(7)=d2(7)
2180
do 400 mi=l,npc7ls
call rmove(l,yd4,d2)y
400 continue
CA(S)mnpc s
C(7)=d2(7?
endif
if (npc?2s.gt.max9s) then
go 610 mi=lpmards
call rmove(l,15,42)
410 continue
c2(4)=naxPs
c2(7)=d2(7)
glse
do 420 ml=1,npc?2s
czll rmoves1,15,d2)
420 centinue
c2(8)=npc72s
c207y=d2(?7)
endif
call erter(il,c2)
®u{)=ux(1)41.0
630 return
c
ORI 3000000 00K 3 30K 3K A K 0K 000 30086 X008 00 003000 0 365 K 3085 00K 080K 90 80OK00K 3K KK K08 K
c Configure planelcads for aiclift from CONUS to destination 2 A
C KR ORI 30 0000050 30030500000 30K 0K 0 25 5 000K 39 090005000 000030 3K 350 K 050 30 86 2 3 K 390K 3 5503000 35K 0K 3 3 KNI
c
10 npecS2a=nnq(l6é)
rpc/2e=nprg(17)
npc?da=nnqg 1)
sumpla=npcllatnpec?2ctnpc?a '
if (ppcBRu.lt.uinSa.orenpc7?1,.1t.min2?a} qo to 700
1f (Ape9a.lb.minPa.or.sumpza.lt.9) go to 700
n3¢(1)=2,0
A3 (2)wrss (L)
33(3)=9,
if ppcS20.qt.maxSalr then
30 440 nl=1,max3a
call vmove(l.14,b3)
6540 continuye
24(4)=maxitSa
ad(7)=p3(7)
2lse
do &%0 nil=1,:pc%2a

159




call rmoved(l,16,b3)}
450 continue
a3{4)=npcSa
a3(7)=h3(?7) .
endif
if (npc?2a.gt.max7a) then
do 440 ni=1l,max?a
call rmoved(l,17,63)
64690 continue
2. 3(3)=max7a
a3(7)=b3(7)
else
do 470 ni=i,npc?2a
call rmove(1,17,b3)
670 cantinue
a3(5)=npc72a
a3 (7)=h3I(7)
endif
if (npc?22a.q9t.max?a) then
do 680 ni=1l,mex%a
call rrove(1,18,b03)
480 continue
a3(4)=maFa
a3(7)=b3(7)
else
do 490 ni=1l,apc?2a
call rmove{l1,18,b3)
490 continue
a3{4)=npc92a
a3(7)=b3(7)
endif
call enter(12,a3)
*x{1)=xx(1)+1.0
700 return
c
c!***XX!***X!*******X*##*******tt#**********t****x*******t*ﬁ*xtt*H***kﬂ*
Configure planeloads for airlift from OCONUS %o destination 2 X
*m***xm**xtxxm*x**#ta***x*tx*m***xt*x*xx*x*x*x**x****xx#mm**xmmmx*m**m*
[
11 npcS20=nng(23)
npc720=nng({28)
npc?lo=nnq(a’)
sumpo=npcSLotnpc?2o+npcP20
if (npei20.1lt.eminSa.or.npc720.1t.min?a) go to 770
if (npc920.lt.minPa.or.sumpo.lt.?) go to 770
c3{1)=2,0
I (2= L)

: c3(3)=9,0
i if (npc320.gt.maxSa) then
B do 710 i2=1,maxSa

oy call rmove(1,2%,d3)

! . 710  continue
o c3(4)=ma:%a
- e3(7)=d3(7)

‘J?F else

Tﬁ: do 720 i2=1,npc%20
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call rmoved(l,2%5,d3»
72 continue
c3(4)=npcBlo
c3(7)=d3(?)
endif PO
if (npc720.gt.max7a) then
do 740 il=i,max7a
call rmovae(l,24,d3)
730 continue
C3(S)=max?a
cI(TI=d3(?7)
else
do 740 i2=1,npc?2c
call rmove(l,26,d3)
740 continue
c3(3)=npc?20
c3(7)=d3(7)
andif -
i¥ (npc?lc.gt.maxPa) then
do 750 il=1,max%a
call rmove(1,27,d3)
730 continue
c3{b)=max%a
eI 7)=dI (V)
else
do 760 i2=1,npc?20
call rmove(1,27,d3)
740 continue
c3(b)=npcY0
c3(?2)=dA(?7)
andif
call enter(13,c3)
MK{L)mR (L Y41 .0
770 return :
(o

(23 3P 233350303383 32 3333883233333 0223333588883 4330883338833 88F333 333
[ Check if all criteria for diversior are met and, if so, execute X
ORI K 590K KKK CHCH0NE KO 00K S 0 0 08 090K 330N XK 0 KK 00 KK S50 00K 306 3 3K KK K
c
12 npril=nnqg{2B8)
npriZ=nna{l9)
npri?=nnq{30)
if (npriJ.lt.5) go to 810
icSdi=nnq(?7)
ic%d2=nng(10)
ic3d3=nng(31)
C icSda=nnq(32)
“'ﬂ; if (icSdl.eq:C) go to 780
e cell rmove(l,7,a4)
o do 775 .j2=1,5
T{n‘ call enter(l,a04)
~515: 775 continue
- AN a4(1)=2,0
- cnll enter(é,a4)
Fh+ go to 810
-\ 780 if (ic%d2.eq.0) go to 790
l‘.c‘
2
\'q‘\.
b
s
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785

790

800

805

call rmove(1,10,a4)
do 785 .j2=1,5

call enter(1,a4)
continue

24(1)=2,0

call enter(7,a4)

go to 810

if (ic5d3.eq.0) go to 800
call rmove (1,31,a4)
if (a4(4).eq.0.) then
call enter(l1é4,a4)

go to 800

endif

b4¢(1)=2,0

b4(2)=8,0

b4(3)=1,1

b4(4)=21,0

b4a(%)=1.0

b4(4)=5,0
ba(7)=04(?)
n4(4)=a4(4)~-1,0

call enter(1é6,a4)
call enter(14,b4)
a4(2)=7,0

ad4(3)=1.1

Qa4(4)=1,0

a4(3)x9.,0

n4¢(6)=25,0

do 795 .j2=1,5

call enter(1l,a4)
continue

go to 810

if (ic5d4,eq.0) go to 810
call rmove (1,32,a4)
if (n4(4),eq.0,) then
call enter(17,a4)

go to 810

endif

B4(1)=2,0

b4(2)=8,0

ba(3)=1,1

b4¢(4)=1,0

b4{(Z)=1,0

b4(6)=5,0
b4(?)=a4(7)
n14(4)=204(4)-1.0

call entar(i7,a4)
call enter(15,b4)
n4{(2)=7,0

a4()=1.,1

a4(4)=1 N

']4(5)’900

ad4(56)=5%,0

do BOS j2=1,5

call enter(l,a4)
continue
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810

820

830

840

if (npri7.1t.1) go t¢ 850
ic7di=nnq(8)
ic7d2=nnq(11)
ic7d3=nng(31)
ic?7d4=nnq(32) -
if (ic7dl.=26.0) gc to 820
call rmovei(1,8,a4)

call enter(l,a4d)
Q4(1}=2,0

cnll enter(é,as)

96 ¢o 830

if (ic7d2.eq.0) go to 830
call rmove(1l,11,a4)

call enter(1l,a4)
n4(1)=2,0

call enter(7,a4)

go to 8%0

if (ic7d3.eq:0) go to B840
call rmove (1,31,a4)

if (04(5).Qq.0.) than
call enter(iéd,ad)

go to 840

endif

b4(1)=2,0

b4¢(2)=3,0

b4a(3)=1,1

b4<4)=1.0

b4a(3)=1.0

b4(4)=7.0

b4(7V=q4(?7)
a4(5)=a4(S5)~1.,0

call enrer(l1é6,a4d)

call enter(14,b4s)>
a4(2v=7,0

04(3)’10‘

ad4(4)=1,0

ad4(5)=9.0

a4(4)=7.0

call enter’1,a4)

90 to 8%0

if (ic7d4.e3.:0) g6 to 850
call reaove (1,32,24)

if (24(9).eq.0.) then
call enter(i?7,a4)

go to 850

endif

b4a(1)=2.0

ba(2)=8,0

ba(3)=1.1

b4(4)=1,0

b4a(S)=1.,.0

be(3)=7.0

b4(7)=a4(7)
av(%5)=a4(5)-1.,0

call enteri17,aw)

call ertur(15,b4)
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860

8635

870

8735

880

Qa4{2)=7,0

a4{3)=1,1

a4(4)=1,0

ad4(%5)=9,0

ad4(4)=7.0

cnll enter(i,ad)

1f (npri?.1¢.,3) go to 890
ic9?di=nnq(9)
ic?dd=nng(12)
ic?2d3I=nnqg(31)
ic9d4=nng(32)

if (ic9dl.eq.0) go to 840
call rmove(1,9,a4)

do 839 .,j2=1,3

call enter(l,a4s)
continue

a4(1)=2,0

call enter(4,a4)

go to 890

if (ic?d2.eq.0) go to 870
call rmova(i,12,a4)
do 863 .j2=1,3

call enter(1,q4)
cantinue

a4(1)=2.0

call enter(7,a4d)

go to 890

if (ic9d3.eq.0) go to 880
call rmove (1,31,a4)
if (a4(8).2q9.0.) then
call enter(l14,a4)

go to 880

endif

b4¢(1)=2,0

b4(2)=8,0

ba(3)=1,1

b4(4)=1,0

b4(S)=1.,0

b4(6)=9.0

b4(?)=a4(7)
24(4)=a4(6)-1.0

call enter(16,a4)
call enter(14,b4)
a4(2)=7,0

a4(3)=1,1

24(4)=1,0

24(3)=9,0

14(4)=9,0

do 873 .j2=1,3

call enter(i,a4)
continue
30 to 890

if (ic9d4.eq.0) go to 890
call rmove (1,32,a4)
if (a4(4),eq.0.,) then
cnll enter(17,04)
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B . go to 890 ‘
R~ endif :
. b4a¢1)x2,0 e .
A b4¢2)=8.0 ‘
vl h4(3;=1.1 !
- N b4c(4)=1.0
C b4(5)=1.0 ‘
" b4(6)=9.0 :
t b4(7)=a4(7) A
b a4($)=04(6)-1.0 ]
. . tall enter(17,.a4) 3
.- call enter(14,b4) 1
o a4(2)=7.0 :
- ad4(3)=1.1 ;
B nAC4)31,0 i
. a4(5) 9,0
. 24(4}=9.0
" do 883 jT=1,.s
. call enter(l,a4> h
T - 8835 cortinue
| i\ 850 rewurn
]
' & (3322333223230 23 33238333 833 3238838223333 0323333330833 3 83 ¢¢38332228¢% h
”: 4 Move all unfilled high priority requisitions back to start X ]
. R ' € X003 S0 0008 30K 0K 0 30 9 50 3K 000350 0S50 303 K 3 0 3K K3 K 5500 0K 0K 3 3k 3 0K 30 o Ok i ;
% c :
v\q 13 npSrec=nnq{(28) :
v Y hp7recsnnq(29) i
A . hpPreuv=nng(30)
& if ¢(hpSrec,eq.0) go ta 940 A
Wy do 9S% m4=1,hpSrec
[ R call rmove(l1,28,c4)
. call enter(8,c4?
K 955  continue

750 if (hp’7rec.en.0) go to 270
do 945 mé=1l,hp7rec
call rmove(1,29,ca?
call anter(8,c4)

2\ 9465 cuontirue
W 970 if (hp%rec.eq.0) 9o to 980
LN do 975 ma=1,hpPrec
:2m call raove(l,30,c4)
? call anter(8,c4)
o 975 continue
S ?80 return
- c
" 1-_ end
e
R
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AR ALK KKK OK IR SR YRR 00K 0 0K 21NN 08 A o 350 30003000 3003000000 K K ok K
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xX x*XK
b 34 Suhroutine INTLC is an opluional user subroutine which is XK
3 calied by SLAM at tne baqginning of each simulation run, %o xX
3 4 establish the initial conditions far the run. In this model, xx
XX the global varigbles, XX(I), are used to sstablish initial xX
3 4 inventory levels., The variables described by user comron L3
X statement, UCOM1, are used to estahlish miaimum and waximum X
XK standards for carge configurations., Specific definitions of L3
X% @ach term cre included in the lcssary, x&
xe K3

000 000 0RO 0K R 0 oK A 0G0 K0 0 TR 0 8 XE 08 K0 30 S 000 o 0 0 XD R O
000000500 30K 0 0 305 300 3 0 300 000 000030 0 3R 3K e 000 345 S8 282 8038 30 K oK 3352 000K K 0 00 %2 300 K K 0 o 00K 0 K K K K
c
subroutine intlc
c
common/ucoml/atrib(1006),4d(100) ,¢d1{1G0),dtnovwsiiemfasmsropynclne
Xynerdrenprat,narun,nnsdt,ntape, 931002 ,381v100) ,tnext, 4now, i (100)
common/ucomi/minSds,min7s,min9e,pands,max7symax?s,minda,min7a,
fminPar,maxSa,max7a,maxfa

The varinble XX(1) is used to establish shipment numbers for the
successive cargos.

nnnan

wx(.)=1.0
The variables XX(2) throughk XX(7) are usw«l as follows:

initial inventory level of class V items 1 CONUS
initial inventory level of class VII 1tems in CONUS
initial inventory level of cluss IX items i1n CONUS
snitinl inventorv level of class V itews in UCONUS
initial inventory level of class VII itewms ir. OCONUS
initial inventory level of class IX items in OCONUJS

XXL2)
XX(3)
XX(4)
XX(S?
XX{6)
XX(7)

nnnnNnnNnnnnnN
¢ d Koo

»«(2)=21275,
®x%(5)=5i0.
HK(4)=76F.
#x®(5)=1130,
#(8)=305,
®u(7)=17%,

The viriables XX(8) through XX(13) are used as fullows:

XX(8) = class V cargos delivered to location 1
XX(9) = class VII cargos delivered to location 1
XX(10) class 1X cargos delivered to location 1
xAX(11) class V cargos delivered to location 2
XX(12} class YII carqos delivercd to location 2

XX(13) class IX cargos celivered to location 2
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XX(14) = Total number of pallets delivered to location 2

=3 (B)=0,

XKX(P)=0),

X®(10)=0, -
®x(11)=0Q.

x%x(12)=Q.

HN(13)m0,

x%(14)=0,

The following variables are used to determine minimum and
maximum standards for cargo configurations.

minSs=10
min7sn20
nin?s=10
maxSs=1%
max78x2%
gx9e=1Y
ainJo=2
nin7ar4
min?a=2
waxSa=3
max7a=?
max?a=3

return
end
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gensprueltt,thesis,11/18/8341ss,999723
11N1t5v40'7v50°°;
Priority/1,hvf(2)/2,hvF(2)/3,hvf(2) /19, hvF(2)/20,hvf(2)/21,hvf(2) ¢
timst,xx(B),Total 5 1 air}

timst,xx(?),Total 7 1 air}

timst,«x(10),Total 9 1 air}

timet,xx(11),Total S 2 air}

timst,xx(12),Total 7 2 air}

timst,xx(13),Total 9 2 air}
PQCDPdIthN'tim.'OQb'10073000;9000.)’.!;
Varyxx{14), X, TOTAL PALLETS,min(S0),max(50)}

network §

H

i

H GENERATION NETWORK (see Figure 4)

; --------- - —— - . " cn ot o e e v e - o . - — - s —— - o " s - . - o 0
’
create,l.,1.}

activity,0.2,,el}

0Cti\lit¥y°o1yp.2;

activity,0.3,,e3;

activity,0.5,,04;

activity,0.4,,e5;

el event,1,1; Generation of demands for location 1
nctivity,90.0,,%1; . -

e2 event,2,1; Generation of demands for location 2
activity,90.0,,t13}

o3 event,3,1; Determination of CONUS stock available
activity ,90.0,,t1;

L) avent,4,1; Determination of OQCONUS stocKk available
activity,90.0,,%1;

oS event,5,13 Movement of unfilled from CONUS to OCONUS
activity,0.2,,06} '

@b eventyb,1; Movement of unfilled from OCONUS to recycle
activity,0.1, y@l3;

el3 event, 13,13 Movement of high priorities to recycle

activity ,90.0,,t13
tarminate,1}

-

CONUS FILL NETWORK (see Fiqure 5 saeries)

e we e 9e we &

enter, 1,1}

activity,» g8}

goon,1}

activityssatrib(4) . eq.5.0,q1%

activityryatrib(é).eq.7.0,92;

activityssatrib(é).4q.9.0,q3;

ql queuel(ll,ryyml; Queue for clasu 5 demands,ranked nn priority value
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q2 queuei()yrsym2; Queue Tor class 7 demands,ranked on priority value
q3 queue(3),y,pmd; Queues for class 9 demands,ranked on priority value
enter,;2,13;
activitysyatrib(4).eq.5.0,q4;
activity,ratrib(é).2q.7.0,q5%
activityyjratrib(é).eq.?.0,q63%

- e -

q4 queue(4),,,,ml}

qS quaue(S)ypyrm2}

qé queur(b)yrypmd;

ml match,4,qQ1/gl,q4; Matches class 5 demands withn CONUS stocks
m2 match,4,92/92,95; Matches class 7 demands with CONUS stocks
m3 match,4,03/93,q63% Matchaes class 9 demands with CONUS stocks

gl goony i}
activity,,atrib(1).,eq.1.0,as1}
activity,satrib(l).eq.2,0,a382}
asl 288igny X (2)=xn(2)-1.0,13 Inventory adjustment for ZONUS class S
activityysyeacl; .
acl accumiulate,5,5,1last,1;
activity,yatrinh(2).1¢t.3.0,27;
activitysjyatrian(2),.g9e.3,C,e8;
*7 eventy 7,13 Configures pallets for sealift to location 1
activity,,atridb(8).eq.5.0,97;
activity,satrib(é).eq.7.0,98¢
. activity,satrib(é).eq.9.0,q993
q7 queue(7)};
activity(1)/1,90,0,,t2;
q8 queue(8);
activity(1)/2,90.0,,t2;
qQ9 queuve(9)};
activity(1)/3,90.0,4,%2;
t2 terminate,1;
e8 event,8,1; Configures pallets for airlift to location 1
activity,,atrib(é).eq.5.0,q10;
activity,,atrib(é).eq.7.0,q11;
activity,,atrib(é).eq.7.0;q12;
qi0 queue(10);
activity(1)/4,90.0,,t2}
) .qit queue(ll);
p N activity(1)/5,920.0,,t2}

-jﬁi g12 queue(12);
il activity(1)/6,90.0,,t2;
*-ﬁ as2 assigny XX (2)=xx(2)=-1,0,1; Inventory ad.justment for CONUS class 3
"':J activity,s,ac2s
v;; ac2 accumulate,S,Sylast,1;
i activity,,atrib(2).1t.3:0,e%}
. activityy,,atrib(2).ge¢3.0,010%
'.ﬁ: ey event,9,1) Configures pallets for sealift to location 2
W uctivityssatrib(é).2q.5.0,q13;
' ‘:, activity,,atrib(é).eq.7.0,q14;
- activity,,atrib{6).eq.9.0,q15;
"w; ql3 queue{(13)}
- activity(1)/7,90.0,,t23
b ql4 queue(14)
i activity(11/8,70.0,,%23
;;2 q1% queue(15);
oo activity(1)/9,90.0,,t2;
X
L8
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e10 event, 10,13 Confiqures pallets for airlift to location 2
'JCtiVitYp'l]tl‘ib(é) 2q oSoqulé;
activity,jyatrib(é).eq.7.0,q17;
activity,ratrib(4).eq.9.0,q18}
qlé queue(1é);
activity(1)710,90.0,,+t2;
qi7 qusue(l1?);
activity(1)/11,%90.0,,t23
qia queue(18);
QC':iVitY(l)/lszO:Op 2%
g2 goon, 1}
activity,,atrib(l).eq.1.0,a83;}
activity,satrib(l).eq.2:0,as84;
asd as8igny XX (3)axx(3)-1,0,1; Inventory ad.justment for CONUS class 7
activity,,rg4as
34 goonyl;
activity,,otrib(2).,1t.3.0,a7;
activity,ratrib(2).9e.3.0,e8;
as4 assign, XX (3)axx(3)-1.0,1} Inventory adjustment for CONUS class 7
activity,r,yq%3
95 goon,i}
activity,satrib(2).1t.3.0,09;
activity,,atrib(2).ge.3.0,210;
g3 goonsl}
activity,satrib(l).eq.1.0,a85;
' Q’:tiVitYp yQtl‘ib(l) -eq.2.0'0565
asS assignyxx(4)axx(4)-1,0,1; Inventory ad.justment for CONUS class 9
activitysssacly
ac3 accumulate,3,3,last,1}
activity,yeatrib(2),2t.3.0,e7;
activityssatridb(2).ge.3.0,e8;

Y asé assignyxuX(4)=2xx(4)~1,0,1} Inventory ad.justment for CONUS class 9
jrg activityseraces
v ac4d accumulate,3,3,1last,1;
'v'"&-‘ thtiVitY’yﬂtl‘ib(Z)oltv30°v@9;
L activityysatrib(2).ge.3.0,e10;
ﬂ}xﬂ enter,b,13 Re-entry point for cargos diverted from spalift CCP
' octivity;triqg(o.sylo,2.).,@10;
L enter,7,1; Re-e#ntry point for cargos diverted from airlaifi CCF
..’J'. QCtiVitY;tf‘ng(O.Svlolz‘)ppelof
‘{#; enter,14,1; Re-entry point for cargos diverted from sealift FOE
-q. o octivity.tring(o’ﬁ,l..2.)..@10;
‘=f~ enter,15,1; Re-2ntry point for cargos diverted from airlift FOE
;‘.‘n: 0Ctivity.triﬂq(o.5plovzt)yyeio;
P *
. ’
— :
%r* H OCONUS FILL NETWGRK (see Figure 4 series)
b B ke o S e o 1 S 7 i S 2 m  m  rim
4

ol
-
L

enter,3,1;
activityssatrib(4).eq.5.0,q19}
activity,yatrib(6).2q.7.0,q920;}
activityyratrib(é).2q.9.0,q21%

5

Bt s

q1? queuell?), ,, ,m4} Queie for class 5 demands, ranked on priority
B et q20 queuw(20),,,,m3; Queue for class 7 demands, rankKed on priority
o q21 queuei{i), s mb; Queue for class 9 demands, ranked on priority
S
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enter,4,13
activityspatrib(é).a9.5.0,922;
activity,yatribi{éd).eq.7.0,q23;
activity,satrib(4).9q.2.0,q243%
qQ22 queue(22)yp s rma}
q23 queue{23)yyp,ymdS;
Q24 queue(l4),yyemébd;

né4 match,5,q19/a87,q223 Matches class 5 demands with OCON.S =tock
w3 match,5,q20/a088,923; matches class 7 demands with OCONUS stock
mé match,3,921/0¢9,q24; Matches class 7 demands with OCONUS gtock

as? assign X (H)axx(5)~1,0,1{ Inventory adJjustment for OCONUS cluss 3
activitypypach;

acs accumulote,5,5,1ast, 1}
activityessell;

ell event,11,1; Configqures airlift palleta from OCONUS to lcwation 2
activityrratrib(é).2q.5.0,q25}
activity,ratrib(d).eq.7.0,9263
nctivitypratribtd).eqe?.0,q273

q23% queue(2%) 3
activity(1)/13,50.0,,%t3}

q26 queu2(26)}
activity(1)/14,90.0,,t3;

q2? queue(2?7)}
activity(1)/15,2¢.C,, 3¢

t3 terminate,l}

asB a88igneyx«(8)=xx{6)-1.051; Tnventory adjustment for 0CONUS clars 7
activityregé;

36 qoan, 1}
activity,,sell;

159 nssigRy M (2= (7)-1.,0,13 Inventory adjustment for GCCONUS class 9
activity,,,acsd;

acéd accumulate,3,3,last,l;
activitys,,ell;

RECYCLE OR JNIVERT MNETWORK ‘gpe Figure 7.
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enter; 5yl
activitysy,g?7;
g7 goon, i}
activityyyatrid(l).eq.i.0eor.atribi2,.1¢t.8.0,a5103
activity,yatrib(l),eq.2.0.and,atrib(2).g9e.3.0,e12;
el avent, 12,1} Checks to see if diversion is reqgulred
activityyratrib(46).9q.5.0,q28;
activity,suatrib(8).eq.7.0,929;
activity,,ctrib(4),eq.7.0,630;
g8 queue(29);
activity(1)/16,90.0,,t3;
q29 queue(2?);
activity(1)/717,90.0, 5 33
q30 queus{30>}
activity(1)/18,70.0,,1t3;
2510 acsigneatrib(2)=atrib(2)Xatrib(3),1; Adjueis priority for recycles
activity, 0.4, VGB:
anter,8,13
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csll

we €7 we W e

331
qlé

asl4

cl

q32
q37

asl?

c2
t4
q33
938

asld

c3

q34

q3%

asld

q35

activityr,yaslis

asgigneetrin (D) atrib (D) Xatrib (3,15 Adjusts priority for hi-pries

activiity»0.3,,q87

R

TRANSPORTATION NETWORK (gee Figure 3 series)

.nt.";‘?y 1;
activity/19:¢riag(l.,1.5,3.),,q31;

qurue(31i)* Arrival
-:lati.vi‘r.y('2)/29.*.1’1-1(1(3. ' ,5')1 yq36;
queue(3s); Depart sealift POE

activity(3)/20,triag(18.,21.,,24,)y,as1435

083ign,y#x(8)=xx(8)+atrib(4) , xx{(P)axK (P tatrib (D),
(LG au (10 +atrib (b)), 13

activity,,,ci;
colctyint(?)ytimel, 1}

activity:90.0,,t45

anter, 10,13}

activity/21,triag(l.,1.5,3.) 9,327

queue32); Arrival
Aactivity (5)/30,triag(1.91.5,3.),5,9373
queue(37); [lepart airlift POE

-‘.\ct.iv1ty(15)/'22.1’.!’16(;(5, '70 '90)' '0512;
assign,Xx=x(8)axx(B)+atrib(4) ,xx(P)aux () +atrib(F),
XX (10)=mxx (10 +atrib(é) 1}

activityy,ycl}
colcteint(?),time2,,1;

activity,?0.0,,t48
terminate,i;
enter,11,1}

activity/23,tring(1.,1.5,3,),,q33%

cuaue(33); Arrival
activity(2)/31,tr109(3,,4.,5+)5,938;
queue(38)? liepart sealift POE

nctiv1tv(5)/24-trioq(18. p21.,24.), 1'3515;
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at sealift FPOE

for location 1

at airlift POE

for location 1

2t sealift FPOE

for location 2

assigryx (1) (i1 +atrib(4) , xux(12)=xx(12)+atrib(5),

A C(13) e (13)4atrib(6), 13
activityy,rc3;
cQlct-int(7) ytime3ysl;
activity ,®0.0,,t4;

enter,i2, 1} Arrival
OC'ti\'itY/ZSptrng(lop&uSp:‘.)) 1Q34;
quede (34) 3 Depart airlift POE

activity(3)/32,triag(leyl45,30)9+q393%
queuei{3?);
2ctivity (15)/26,tring(4.5y4.484)ppas513;

at airlift FOE

for location 2

2581gN i {11)=ux(11)+atrib (4) , x4 (12)=xx (12 +atrid (%),

(13 3= (13)+atrib(é),1;
a3sign,xx {18 1=xy(14)+atrib(4)+atrib(Sitatrib(b),1;
activityersCéy
enter,13,13%
activity/27,tr1aqg(0,333,0.4,0.57,,935;

queur(35) 3} Arrival at airlift POE

‘lCtiVit)"(S)f33ptri'1g(005710 .1.5) 'pq40;
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q40 queue(4Q); llepart OCONUS nirlift POE for location 2
-.\ctiv1ty(10)/28.t1‘ilzlg(2. 28e984) ;-;\5133

ca colctyint(7),timed,,1;
'llC'tiVitV!goQOp ct4"
enter,ld,13 Re-entry point for ships with caiqos vemoved
5.\7.'*.1‘.‘11?:)’7‘:?‘109(0051lop:v)pquJ.; o
entar,17,13 Re-entry point For planes with carges removed

-Jﬁ.’tri‘d'itYytr'qu(OO:Syio,20), ’QBZ;
ndnetwark

initialize,0.,90.3
entry, 7,0,40,90.40, 2490450,
L"\‘LPY/B;'D.- vQerp0s90. 7009001003
E’ﬂt;"y./‘?yo-» v yOv 10; '00 LYo 2% 700‘
entry/lf),o Mo Y o I8 pOo pOopO.yOv;
en'!.ry/ilr(‘, pOonOoyOo 'Oo pOo ,00;
ANLPYS 42700006900 90630450.,0,
entv‘y/llhOo vOtpOc 70'100 100,0.
Rﬂt?‘)’x'l“po-yOo,o. v°o pOopOo 105
Q.'ﬂ*-l"»'/l@y()e O vOn rOo 700 20, 'Oo
9'1‘&:7")’/1(‘*r0o;QtpOO‘yO' OOc'Ou pOo
Entr‘y/l?;O. LN 100 709700'09 '09
entm-’/lfi!.(). pObIOQ ;0. 70'900'0.
Eﬂtry‘/';;f}y()u vOo '00700 pOo,OnyOo
entry/ 24,0.00490. p0eyQ. ,O. 'Os
entr-y/??:,O.;OnO. pOa ,0..Of 'Oo
entryr‘?.'&?iyoa )0»;0- yOt;Oo,OoyOo
entry/ 29, 0.404906,0s90.40.:0,
EH'T,I‘Y/:KO,-(;« ,0. pOo 2O, vOo pOo'Oo;
firs
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APPENDIX C

GOODNESS OF FIT TEST
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SUN HAME GOCDMNIESS CF FIT X-5
VARIARLE L1987 GRSCAVAT IONS

ILPUT MEDIUM CARD

W CF CAzZ: '

IHPUT FORMAT FRESFIELD
NEAC TEITTT K~S(UMIFD
STATIZTIC: ALL

TZAD INPUT DATA

678
376
4,06 ..
S5e27
653
875
4,89

- 95013
Se75
4.49
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TLHACK CTMBUT (NG CENTSA
HWILTER UNTVZRSITY
T3 = = ITATISITICAL PACKAGE FOR THE Z2CLAL 3C1Z4UCER
ION Ve we JUNTD LAe 137V
SbN MAME 2OD4YESTE CF F T K=3 TEsT

VARIAALE LI3T
KFU? MEDTUM
i CF CASES
TUPUT FaTMAT
NEAF TEZSTS
STATISBTICS

&
SZAD INPUT

N AL ]

DAT

A

7-’-\

Ve w!

r'!3.‘3?7\11\
CARD

FEEFTELD
K=3(UNIFIEM 343)=083S3VATIINT

GIVFs 1 VAR IABLZSe INITIAL CM ALLIWET FIF 2776 CAZT:
FAXIMUM €M OALLING F23 1123¢ CASI:
SRTICN -1
IBNCTE MISTIAGS VALUDZ IMDICAT SRS
(W3 MISSING VALULS Of FI17Dee oGPTIGH Was T¢I
BCODMESS oF FIT K=3 TIIT
FIL:Z SITIAMTD (CRZATIZ DA™Y = /1°77 -4 )
VAR IadLZ ¥ 0 A STD o2V
JBSEFVAT Z ZeT 22 ieX §
G2IDHIIT R OFLT %x-S TITT
£l GINAMI (CRTETIT AT = T8
- e e m e KM IGITGY e W SNTY SCBNT.S R FIT TTTT
THIZIVAT .
TEST DICT. = Jnie iv (Foinl <= 1.0000 7T 393500
caze MAX (AR DIFF) 'A(le DEED
. .:' ’h- -
£=-2 2 -T4.L310 = A= OTIFT)
2 -:a .“-5 -.;-:~
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APPENDIX D.1

FOUR-WAY ANOVA
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LASLACA LA DALY

T

~ :nin’h[- -

N

ATA FGR FOURMAY ANALYSIS

4.08
W2
?.27
7.27
7.47
7.60
7.48
4.53
5.97
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AR [

£ K KX X XXX ANALYSIS

PAL
BY FRI
FEN
oco
DIV

RN VRV Y.
AR AL DA P AR A

~

0o F

VARIANCE

XX K K £ KX

B K K K & K &£ & X & XK X X K X X K K X X X XK K X K XK X % X K X K X K X & X

SOURCE OF VARIATION

MAIN EFFECTS

PRI
FEN
0co
oIy
2-WAY INTERACTIONS
PRI FEN
FRI 0co
PRI oIv
FEN ocy
FEN DIV
oco nIv
3-WAY INTERACTIONS
PRI FEN Gco
PRI FEN oIV
FRI oco niv
FEN acao Y
4-WAY INTEKACTIONS
FRI FEN (615 ]
oLV
EXFLAINED
RESIDUAL
TOTAL

160 CASES WERE FROCESSED.
--EOR--
END OF FILE

SUN OF
SQUARES

215,004
161,785
+003
48.894
4,320

$,337
» 002
179
1,048
117
001
3.991

778
+ 065
. 002
472
039

+ 001
+001

221,120

7,039
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MEAN
SQUARE F

53.7511099.63%
161.78%3309.788

007 061
48.89c1000,317
4,320 88.374
»890 18.199
-002 . 031
179 3.660
1.048 21.443
187 2,397

. 001 012
3.991 81.649

174 3.978
065 1,334

.002 1036
<672 13,750
.039 793
» 001 024
001 026

14,741 301.3578
049

1.435

SIGNIF

OF F

001
001
B0Y
100,
v 101

+ 001
Bt
058
1001
124
P12
.001

+004
»250
-850
,001

379

.872
872

+001
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APPENDIX D.2

ONEWAY ANOQUA

ALL CELLS
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MOV S i AV ST GV S A AT ANV AL PEA RS SR SRR SRR R A A4 b

D Gt VLR A L S g gt b R % A
oY

DATA FOR ONEWAY ANALYSIS, ALL FOLICIES

1. 7.47
1. 7.47
1. 7.08
t. 7.43
1. 7.47
1. 7.48
1. 7.35
1. 4.98
1, 7.38
. 1. 7.17
2. 7,67
2. 7.8
2. 7.3%
2, 4.88
2. 7.20
2, 7.%7
2. 7.27
: 2, 7.47
TaNE 2. 7.40
Y 2, 7.48
.:M 3. 4.58
ALY 3, S.97
g 3. 6.32
NN 3. 4,67
A 3. 6.47
- 3. 46.40
L 3. 4.62
' 3. 6.47
. 3. 6.99 .
: 3. 4.72
Y o 4, 4,28
o 4. 4,20
o 4, .05
AN 4, 4.20
W
4. 4.40
A, 6.17
o 4, 6.23
.o 4, 6.25
R 4, %.83
et 4, 6.08
e 5. 7.72
Ny g, 7.53
2 S. 7.20
e 5. 7.4%
g S, 7.58
5. 7.63
5. 7.50
. 7039
L.7.02
e 7.2
&, 7.72
"
Y
| .
N
~.'~M--
AN
]
W

7.

Y
*- M

KAGN, Jlg

P 7
P EP

JE

4

oy
»,

*
4

it

-
oo,

a a'w
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AL At M R, A R LR A AU T ST SRS e DR Tt A T T MRSl Sl N St MR VLA e A S A R A A /0 S S M

6. 7,33
4. 7,20
be 743
& 7,58
& 7463
6. 7.5¢
6. 7.39
4.  7.02
be 7.20
7. 6.85
7. 4.8
7, 4&.42
7. 4.70
- 7. 633
7.  4.5C
7. 4.6
7. 6.%7
7. 6-13
T ©.53
8., 4.27
., .98
8. 6.035
Be 6417
8., 6,32
R, 6.52
8, 6.3%
Bs 6.0%
8, 4.03
8. 6.10
?. 5.38
9. 5.62
9. 5.35%
?. 5.35 .
P 5.19
9. G.43
P, T.895
P, %.53
9., 5.08
9. 5,50
10, S.38
10, 5.47
10. 95.355
10, S5.35
10, 9.393
10, 5.90
16, 35.38
10, 5.15
10, 35.10
10, 5.13
11, 4.47
11. 4.80
11, %.17
11, 4.47
11, 4,40
11, 4.83
11. %.10
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11, 4.40
11, 4.¢7
11 S
12, 375
2, 3.%90
12, 3.78
12, 3.7%
12, 4,07
12, 4.15
12, 3,93
+2. 3,78
12, 3.77
2, 3.97
13, .40
13, 5.8%
13, % .40
13, 3.40
13, %460
13, %5.48
13, 5.358
13, %,.%0
13, G.&7
13, 5.28
14, 5. 40

14, .45

14, %5.50

14, 5,20
19, 8,40
12, %.48
14, %.98
la, 5,%0
1o, S.487
14, 5.28.
19, 4.49%
19, .02
15, 5,22
1%, Lo
13, 4,72
1%, 4,47
15, 4,8
15, 4,62
15, %.00
=, 4.08
16, 3,87
14, 3,82
16, .48
14, .87
16, 3 92
ia, 3.78
1s. .48
ié. 3. g4
2 16, 5.0
o 16. 3.7
N ENG OF FIL.
.l

5

TLAE

IEEE

¥
.
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1
T
84/02/29. 10.95.39. FAGE 1
ASD COMPUTER CENTER
WRIGHT-PATTERSON AFR,0HIO
3 F S S - ~ STATISTICAL FACKAGE FOR THE SOCIAL SCIENCES
VERSION 8.3 (NOS) -~ MAY 04, 1982
3746800 CM MAXIMUM FLELD LENGTH REQUEST
RUN NANME THESIS ANALYSIS

VARIABLE LIST POLICY ,PALLETS
INPPUT METIIUM CARD

N OF CASES UNKNOWN

INFUT FORMAT FREEFIELD

CFPU TIME REQUIREUL.. 0135 SECONDS

ONEWAY PALLETS BY FOLICYC 1,20 )/
RANGES=DUNCANC, 05) 7
RANGESaSCHEFFEC,05) 7

STATISTICS ALL

REMAD INFUT DATA

00045000 CM NEEDED FOR ONEWAY

END OF FILE ON FILE FDATAL

AFTER SEADING 160 CASES FRUM SUBFILE NONAME
1THESIS "“ALYSIS 84/02/29. 10.95.39. FAGE 2
FILE - NONAME (CREATED - B84/02/29)
VARIAFRLE FALLETS
BY FOLICY
ANALYSIS OF VARIANCE
SOURCE L.F. SUM OF SQ. MEAN SQ. F RATIO F FRUE
BETWEEN GROUFS 15 221.120 14.741 302,524 [V}
WITHIN GROUPS 144 7.017 049
TOTAL 1359 228,137
S TAND. STAND. % F ERCENT
GROUF COUNT HEAN eV, EHRROK HIN. MAX, CUNF INT FOR Mt AN
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TR LR s B o g i Yt L ALSATSATRA SN AR A L A NP AR SN S TR ARG

GRP 1 ALY 7:36 .29 -0y 6,43 7268 7ol 70 7.54
GRP 2 30 7.42 .28 08 6.498 7,58 7.24 70 760
GRF 3 10 6.5 W27 09 5.97 6,79 6.35 10 8,74
ane 4 v 6+4i7 » 13 205 5.82% 6.40 6,06 TC 6.2
GRP 3 10 743 331 07 7.0 W22 2.27 10 vial
ulkF & 10 7.4} W21 erd 7.02 7.72 7425 10 7.5
GRF 7 10 4,352 L7 e 6.13 &0 4.38 10 4. 66
GRF & 10 é420 20 Ch G.98 6.52 4,06 TO 4,39
GRF ¢ 10 3.42 1Y G5 .08 NIE-H] 5009 040 Rt
GRP L 10 S.3Y 24 06 910 5.90 5.22 10 $.57
GRF 11 10 4,82 29 07 4,47 .17 4,63 T 4,79
GRP 12 1¢ 3.84 17 G5 3.57 4,12 3.72 7 3.9
. HRP L 19 $.54 14 0% 5,28 3.3% F.42 TG 5.46%9
CRM 14 to S, 48 W19 G5 5,20 G.67 G9.37 70 5.58
GRP 1Y 10 <, 6Y 36 11 4.08 %.22 4.43 10 4,93
SRF 16 10 3.79 14 »00 3.48 4,00 3.69 10 3.8%9
TOTAL 19 5.HE J.48 7,72
UNGROUFED DATA 1.20 0% 5.4% 70 6,06
FIXEG EFFECTS MODEL y 22 02 %$.84 TO .91
RANLCH EFFELTS MOJDEL 1.2 + 30 $.23 70 6.2
RANDOM SFFECTS MOUDEL -~ ESTIM, OF BETWEEN COMFPONENT VARIANCT 1.4473

T€STS FOR HOMOGENEITY OF VARIANCES

COCHRANS C = MAX.VARIANCE/SUM(VARIANCES) = 1679, P = ,041 (AFFROX.:
BARTLETT -ROX F = 1.1836, P = .274
MAXIMUM VARIANCE / MINIMUM VARIANCE = 6,314

1THESIS AMALYSIS . B4/02/29, 10,55.39, FAGE 3

FILE - NONAME (CREATED -~ 84/02/29)

VARIABLE PALLETS
MULTIFLE RANGE TEST

DUNCAN PROCEDURE

RANGES FUOR THE ,0350 LEVEL -
2.80 2.94 3,06 3.13 3.17 3,22 3.26 3.29 3.32 1.34
3,36 3.38 3.39 3.41 3.42

THE RANGES AKOVE AKE TABULAR VALUES,
THE VAILUE ACTUALLY COMPARED WITH HEANCJ) -MEANC(I) IS..
+1561 & RANGE & SURT(L/MHCI) ¢ L/NCU))
HOMOGENEOUS SUBSETS (SUBSETS OF GROUFSG, WHOSE HIGHEST ARD LOWEST MEANS [0
NOT UIFFER BY MORE THAN THE SHOKRYEST SIOGNFICANY RANUE FOR A
SUBSET QF THAT SI2E)

SUBSET 1
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GROLP GRP 14 GRP 12
HEAN 3.78%0 3.8450

SURSEY 2

GROUF GRP 15 GRP 11

MEAN 4.6890 4,8170

SURSET 3

GROUP GR® 10 GRF 9 GRP 14 GRFP 13
MEAN $.3940 5.4240 5.4760 5.5360
SURSET 4

GROUP GRF 4 GRF 8

MEAN 6.1690 $.2040

SUBSET 5
GROUF  GRP 7 GRF 3
MEAN 6.3230 6.5%60
SUBSET &
GROUP  GRP | GRF & GRP 2 GKF 5
HEAN 7.3580 7,4060 7.4170 ?7.4260
- ITHESIS ANALYSIS §4/02/29, 10.5%.1%. fAGE 4
) FILE - MONAME  (CREnTED - 84/02/29)
al
) VARIABLE FALLETS
MULTIPLE RANGE TEST
SCHEFFE FROCEIURE
RANGES FOR THE ,0%0 LEVEL -
7.22 7.22 7.22 7.22 7.22 7.22 7.22 7.22 7.22 7.20
7.22 7,22 7,23 7,22 7.22

THE RANGES ABOVE ARE TABULAR VALUES.
THE VALUE ACTUALLY COMPARED WITH MEAN(J)-MEAN(I) IS..
.1561 & RANGE & SUKTII/NCI) # 4/NCJ))

vz

HOMOGENEQUS SUBSETS (SUBSETS OF GROUFS, WHOSE HIOGHEST AND LOWE ST MEANS 00
NOT DIFFER bY MURE THAN THE SHORTEST SIGNFICAN! RANGE HOR A
SUBSET OF THAT S5]Z2€)

0
»
P
.,
3 %%

ISR
» %

g
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4
3]

TR AN W R IR T Y TR S F TR TR E TR AT

1,
P

SUBSET 1
GROUP GRP 16é GRF 12
MEAN 3.7890 3.84%0
SURSET 2
GROUF GRF 1§ GRF 13
MEAN 4.6890 4.3170

N SUESET 3
GROUP GRP 10 GRF & GRP 14 GRP 13
MEAN %.3940 5.4240 5.4740 3.5360
SUBSET 4
GROUP GRFP 4 GRP 8 GRF 7 GRFP 3
MEAN 46.1690 &.2040 6.5230 6.5560
SURSET S
GROUP GRP 1 GRP & GRF 2 GRP %
HEAN 7,3%80 7.4060 7.4170 7.4200
LTHESIS ANALYSIS £4/02/29., 10.3%.39. FADBE
CFU TIME REQUIRED., . 222 SECHNDS

TOTAL CFU TIME UGED.. + 237 SECONDS

RUN COMPLETED

NUMBER OF CONTKOL CARDS READ 10
NUNKBER OF ERRORS DETECTED 0
s
--E0R--
END OF FILE
K
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APPENDIX D.3

ONEWAY ANOVA

NO FENCING ALLOWED

Ly

o
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*

Vol % ol &
>
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NN g Svigtht o W ) S AN SLANCE A AL 4 YR e e S G M RPN AL A UL A A L e G 0 & 16 AN 0 A S A KA R YL AMC I D RCLAE L i  TP L  N

DATA “OR ONEWAY ANALYSIS, WITHOUT FENCING

S, 7.72
5. 7.53
S, 7.20
S 7.4%
5, 7.58
5. 7.63
S, 7.50
. S, 7.35
%, 7.02
5. 7.2
6. 7.72
6. 7.33
&, 7,20
b 7.4%
6, 7.18
6, 7.63
6. 7.30
6. 7.3%
6. 7.02
6. 7.28
7. 6.8%
7. 6.38
7. .42
7. 6.70
7. 6.53
7. 6.50
7. 6.462 .
7. 6.97
7. ¢.13
7. 6.53
8. 6.27
8. %.98
8. 6.09
8, 6.17
8., 6.52
8, 6,52
8. 6.35
8, 6.0%
8. 6.03
8. 6.10
13, 5.40
13, 5.85
13, 5.60
13. 5.40
13. 5.60
13, S5.48
13, 5.358
13, 5.%50
13, =.47
13, s5.28

14, Y%.40
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14, .45

14, 5,40

14, 5,20
14, 5.60
14, 5.48
14, %.58
14, 5.50
14, S.47
(4, $.28
15, 4,49
. 15, %.02
N 15, §,22

] 15, 4.22 -
MR 15, 4,72
_“-j 15, 4.47
“1“ 19, 4,88
.rj 15, 4.43
: .)-,;.4 15, 5,00
i 15, 4,08
. 16, 3.67
16, 3.82
- 16, 3.48
- 16, 3.82
L 16, 3.92
{: t6, 3.78
16, 3.98
5 16. 3.80
3 14, 4.00
16, 3.72

END OF FILE
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T
84/02/29, 10.56.39. FAGE 1
ASD COMPUTER CENTER
WRIGHT-FPATTERSON AFR,0HIO
S PSS - - STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES
VERSION 8.3 (NOS) -~ MAY 04, 1782
3746500 CM MAXIMUM FIELD LENGTH REQUEST
RUN NAME UNEWAY WITHOUY FENCING

VARIABLE LIST FOLICY,FALLETS
INFUT MERTUM CARD

N QF CASES UNKNOWN

INFUT FORMAT FREEFIELD

CFU TIME REQUIRED.. +014 SECONDS

ONEWAY FPALLEYS BY FOLICYC( 1,20 )/
RANGES=DUNCAN(.07)/
RANGES=SCHEFFE(.035)/

STATISTICS ALL

READ INFUT LATA

00045000 CM NEEDED FOR ONEWAY

END OF FILE ON FILE FUATALA

AFTER READING 80 CASES FROM SUBFILE NONAME
10NE. 17 WITH, , FENCING 84/02/29, 10,56.39. FAGE 2
FILE ~ NONAME (CREATETD - 84/02/29)
VARIABLE PALLETS
EY POLICY
ANALYSIS OF VARIANCE
SOURCE b.F. SuUM OF Sa. MEAN 50. F RATIO F FROB
BETWEEN GROUFS 7 113,093 16.1%56 350.657 0
WITHIN GROUPS 72 3,317 04¢
TOTAL 7’9 i16.413
STAND, STAND, 95 P ERCENT
GROUF COUNT HEAN LEV., ERROR MIN. MAX., CONF INT #OR MEAN
185
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GRP 3 10 7,43 21 07 7.02 7.72 7.27 TO 7.58
GRF & 10 7.41 21 07 7,02 7.72 7.2% 10 7.56
GRP 7 10 6,32 19 .06 6,13 6.85 6,38 10 6.66
GRF 8 10 6,20 ' 20 .06 5.98 6.52 6.06 TO &35
GRF 13 1Q S.54 116 .03 5.28 5.85 3,42 TO 9,65
GRF 14 10 5,46 W15 109 5.20 S.67 5.37 10 5.58
GRP 13 10 4,69 .36 W11 4,08 9,22 4.43 TO 4,95
BRFP 14 10 3.79 14 05 3.48 4,00 3,49 TO 3.89
TOTAL 80 5,88 3.48 7,72
UNGROUPED (iATA 1.24 14 J.61 TO 6.1%
FIXED EFFECTS MODEL 21 .02 .83 10O 5.93
RANDOM EFFECTS MODEL 1.27 + 45 4.82 70 4,94
RANDOM EFFECTS MODEL - ESTIM. OF BETWEEN COMFONENT VARIANCE 1.6110

TESTS FOR HOMOGENEITY OF VARIANCES

COCHRANS C = MAX.VARIANCE.SUM(VARIANCES) = 23549, P = ,005 (APPROX.)
BARTLETT-RBOX F = 1,754y F = ,093
MAXTHUM VARIANCE / MINIMUM VARIANCE = 6.314

1ONEWAY WITHOUT FENCING 84/02/29, 10.546.39. PAGE 3

FIILE - NONAME (CREATED - 84/02/29)

VARIABLE FPALLETS
HULTIFLE RANGE TEST -

OUNCAN FROCEDURE
RANGES FOR THE .0%0 LEVEL -
2,82 2.97 3.06 3.13 3.19 .24 3,27

THE RANGES APOVE ARE TABULAR VALUES,
THE VALUE ACTUALLY COMPARED WITH MEAN(J)-MEANCI) I8..
+1518 * RANGE X SORT(1/N(I) + 1/N(J))

HOMOGENEOUS SUBSETS (SURSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS 1O

NOT DIFFER BY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
SURSET OF THAT SIZE)

SURSET 1

GROUP GRP 16
MEAM 3.7890

SUKSET 2

GROUP GRFP 13
MEAN 4.4890

.
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SURSET 3

GROUP GRP 14 GRP 13
MEAN 5.4740 5.5360

SURSET 4

GROUP GRF 8
MEAN 4.2040

SUBSET 3
GROUP  GRF 7
NEAN 6.5230
.~ SUBSET 6
R GROUP  GRF & GRE %
v HEAN 7.4060 7.4240
LY
O e - - - - -
e LONEWAY WITHOUT FENCING 84/02/29. 10.56.39. FAGE 4
~
i\§3 FILE ~ NONAME  (CREATED ~ 84/02/29)
Nl
R VARIABLE FALLETS
.‘ .
HHQ MULTIPLE RANGE TEST
,_'w:_‘
e SCHEFFE PROCELURE
o RANGES FOR THE 050 LEVEL -
g5 5.47 5,47 5,47 5,47 5,47 5.47 5.47
Pig :
ik | THE RANGES MEBOVE ARE TABULAR VALUES,
v THE YALUE ACTUALLY COMPARED WITH MEAN(J)-MEAN(I) I[S.,
o : | L1T18 & RANGE X SORTCL/NCT) ¢ L/NCI)
N ' HOMOGENEOUS SUBSETS (SUBSETS OF GROUFS, WHOSE HIGHEST AND LUWSST MEANS DO
& NOT DIFFER BY MORE THAN THE 3HORTEST SIGNFICANT RANGE FOR A
- 2T SUESET OF THAT SIZE)
St
g SUESET 1
N GROUP  ORF 16
HEAN 3.7990
:ﬂ‘ SUBSET 2
v
2
. Nl GROUF  GRF 19
[
R}
‘(;u_' .
‘ a
o,
]
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MEAN 4.4890

suasky 3

GROUR GRP 14 GRF 11X
MEAN S.47¢0 G,8360
SURSET 4

GROUP GRF 8 GRP 7
HEAN 6.2040 6.5230
SUBGET §

GROUF GRP & GrRy S
MEAMN 7.4060 7.4260

1ONEWAY WITHOUT FENCING

CFlU TIME REQUIRED..

TOTAL CFU TINF USEB..
RUN COMFLETED

NUMBER OF ERRORS DETECTED
5
-~EOR~--

ENIE OF FILE

€

LI 30 W

A5

¥ Y on b5 - B

04 %

-
Ry

¥t

L

“

N e Mt LR
Rt R T S N

N d

s Zhan abad Aude Shie Bndl Bod it b Mt
ST A

84,02/

131 SECONDS

NUIMEBER OF CONTROL CARDS KEAD

147 TECONDS

10
0

1813

TSI
u‘q_tv‘

29,

{0,36.39.

=

v

SR I ETV T T LRI

FAGE S

S T U AR R A R TR
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[IATA FOR ONEWAY ANALYSIS, WITHOUY FRIORITY

?. Y.38
P, T.62
9. 35.55

9. 5,35
9, 5.19
9. 5.43
9. 5.65
9. .53
9, 5.08
. 9. 5.50
10, 5.38
10, 5,47

10, 5.95
10, 3.39%
10, 9.33

10. 5%.90
10, %.38
10. 5.19%
10, 5.10
10, 5.13
11, 4.47
11, 4.80
11, 5.17
11, A.47
11, ®.4%0
1l. 4.83
1i. 5,10
11. 4.50
11, 4.87 -
11, 5.06
12. 3.7%
12, 3.90
2. 3.78
12, 3.7%
12. 4.907
12, 4.19
i2. 3.93
12, 3.78
12, 3.77
2. 3.57
13, 9.40
13. %.85
13. 5.40
13. 5.40
13. .60
13, 5.48
13. S5.58
13, 35.30
13, 5.47

13. 3.28
4. 5,40
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14, 35.495

14, 5.60
14, 5.20
14, 5,40
1A, 5,48
14, 5,58
14, 5,50
14, S.57
14, <.28
1S, 4.45

1%, 5.02
19, 5,22
1%, 4,22

5 15, 4,72
-~ 15. 4,47
S 15. A.88
»y 15, 4.63
" 15, S.00
-0 15, 4,08
o 16, 3.57
16. 3.32
14, 3.48
14, 3.82
16, 3.92
16, 3.78
16, 3.88
16, 3.80
18. 4.00
6. 3,72

ERD OF FTLE

O

t
a

Rl
4

«
»y C=

5
‘I

b

7 F Sosr,
'—vggﬂg,

%
‘I\"

DN
el

»
¥

=)
‘§\$$
\.,\.
YA
» N
: :h
121

a9
A& L~|

&




. S —. S - v N S Ll 2 e ‘B T e e ok St S B Bl S ‘Sl T el B
A e e Rt ALt Pl UL SNIES SLISUME SR M RN LA S A A NIC i Ut AR A AR AR MR RS S R
A RalCRC AMNLEGER LI Db A

SRS

tom
n'.‘

)

e

"\

-
.

»
v

i
o 1
. T
: 84/02/2%, 10.S7.34., FAGE 1
N ASD COMPUTER CENTER
e WRIGHT-PATTERSON AF8,0HI0
b S P S S ~ - STATISTICAL PACKAGE FOR THE 30CIAL SCIENCES
o
oy VERSION 8.3 (NUS) —- MAY 04, 1982
b 376500 CM MAXIMUM FIELD LENGFH REQUEST
A . .
N
. - RUN NAME ONEWAY WITHOUT FRIORITY
D VARTABLE LIST  FOLICY,FALLETS
NG INFUT MELIUM CARL
o N OF CASES UNKMOWN
k- INFUT FORMAT FREEFIELD
.Sk{ CFU TIME REQUIRED.. +015 SECONDS
» ~\I
™y ONEWAY FALLETS BY POLICYC 1,20 )/
v:Pﬂ RANGES=D0UNCAN(.03) /
X RANGES=SCHEFFE(,05)/
N STATISTICS ALL
e READ INFUT DATA
AN
-, 00045000 CM WEEDED FOR OMEWAY
i
N END OF FILE ON FILE FUATALE
S AFTER READING 80 CASES FRUH SUBFILE NUNAME
= LCUEWAY WITHGUT FRIORITY 84/02/29. 10.57.34. FAGE 2
-, FILE ~ NONAME  (CREATED - 84/02/29)
. 1
. VARIABLE FALLETS
BEY FOLICY
L ANALYSIS OF UARIANCE
SOURCE L.F. SUM OF 35Q. MEAN SQ. F RATIO F PROS
BETWEEN GROUFS 7 36.470 5,210 110.033 ]
WITHIN GROUFS 72 3.409 .047
o TOTAL 7% 39.879
A
%
b
- STAND,  STAND, 95 FERCERNT
X GROUP  COUNT  MEAN LVEV.  ERROR MIN, MAX, LCONF INT FUR MEAN
o,
‘-{b
o
.
2

O e I
P s

.‘- - . N L L R
USSPV U "W IR 39 PP
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t
.

S RO

. w
ha GRF 9 10 5,42 ‘19 .06 5.08 5.45 5,29 10 5,56
. GRF 10 10 5.39 .24 .08 S.10 5.90 5.22 T0 5,57
“- GRP 11 10 4.82 .24 .07 4,47 S.17 4.65 TO 4.99

R GRF 12 10 3.84 .17 .05 3.57 4.15 3.72 10 3.97
g GRP 13 10 S.54 L16 .05 5.28 5.85 $.42 TQ 5.69
A GRE 14 10 .48 V15 S 5,20 S.67 5.37 10 5.58
L GRF 15 10 4.69 .36 Y 4.08 5.22 4,43 10 4,95
g GRF 16 10 3,79 .14 .05 3.48 4,00 3.49 10 3.89
— TOTAL 80  4.87 3,48 %.50
AY
. UNGROUFED LIATA .71 .08 4.71 TO 5.03
S FIXED EFFECTS MODEL 22 .02 4.82 10 4,92
RANDOM EFFECTS MODEL .72 W2 4.27 TO 5.47
T
- RANDOM EFFECTS MODEL - ESTIM., OF BETWEEN NMFONENT VARIANCE 5163
b
R TESTS FOR HOMOGENEITY UF UARIANCES
i COCHRANS C = MAX.VARIANCE/SUM(VARIANCES) = .3454, P = «007 (AFFROX.)
S EARTLETT-HCX F = 1.924, F = ,063
o0 MAXINUM VARIANCE / MINIMUM UARIANCE = 6.314
S LONEWAY WITHOUT FRIORITY B4/02/29. 10.57.34. PAGE 3
oy FILE - MONAME  (CREATED - 84/02/2%)
o
- VARIABLE PALLETS
R MULTIPLE RAMGE TEST .
* y
0
e DUNCAN FROCEDURE
n RANGES FOR THE .0%0 LEVEL -
(X 2.82 2.97 3,06 3,13 3.19 3.24 3.2
h »
o THE RANGES AHOVE ARE TABULAR UALUES.
! THE VALUE ACTUALLY CUMPARED WITH MEAN(J)-MEANCI) IS..
- L1539 % RANGE ® SGRT(L/NCIY 4 1/NCJ))
B
W HOMOGENEQUS SUBSETS  (SUMSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS [0
.7 NOT UIFFER BY MORE THAN THE SHORTEST SIGNFICANT KANGE FOK A
IR SURSET OF THAT SIZE)
h :'..‘
o) SUHSET 1
© GRGUF  GRP 16 GRF 12
N HEAN 3.7890 3.84%0
et » - m w am e e e o o e m e w
Y
L SURSET 2
fl"
S GROUF  GRF 1% GRF 11
R HEAN 4.4890 4,4170
%Y
£
. -“
Nl
"~
o
i,
:\;.,'
£
YT
&
™
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SURSET 3

: : GROUP  GRP 10 GRP 9 GRF 14 GRP 13
: .~$, MEAN 5.3940 5,4240 5.4740 %.5360
¥
iR -t s === - ST s s s .-
R, 1ONEWAY WITHOUT PRIORITY 94/02/29, 10.57.34. FAGE 2
oy
LK FILE - NONAME  (CREATED - 84/02/29)
-
Co VARIABLE PALLETS
."Q .
w MULTIPLE RANGE TEST
- LN
$‘-:.' SCHEFFE PROCEURE
A KRANGES FOR THE .050 LEVEL -
" YAy S.47 S.47 5.47 S.47 5.47 5,47 5,47
phoo THE RANGES AROVE ARE TAFULAR VALUES.
o, THE VALUE ACTUALLY COMFARED WITH MEAN(J)-MEANCI) [S..
f" : +153F & RANGE & SORTC(L/NCI) ¢ 1/NCJ))
! ‘. "'.
- A HOMOGENEOUS SURSETS (SUBSETS OF GHOUPS, WHGSE HIGHEST AND LOWEST MEANS DO
\\" NOT DIFFER %Y MORE THAN THE SHOKTEST SIGNFICANT RANGE FOK A
.-,:,\2 SUBSET OF THAT SIZE)

»
-

SURSET 1

GROUFP GRP 16 GRP 12
MEAN 3.78%90 3. 8446

SULSET 2
GROUP  GRP 1T GRP 11

. MEAN 4.48%90 4.8170

e SURSET 3

v..I "
\-"-j GROUP GRP 10 GRP 9 GRP 14 GRP 13

oo MEAN  5.3940 5,4240 5.4750 %.5360

e e e e e e - f e e e e = m e e - e = e e e -
NS ) LONEWAY WITHOUT PRIORITY 84/02/29. 10.57.34. PAGE s
e CPU TIME REQUIRED.. .128 SECONDS

'.,

TOTAL CPU TUME USED.. .145 SECONDS
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ONEWAY ANOVA
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ZNTN FOH UNEWAY ANALYSIS, WITHOUT OCONUS

) 3, 6.33
' 3. 5.97
3., 6.32
3. b.67
3. 6.47
3. 6.40
3. 6.82
3. 4.67
3. 6.99
. 3. 6.72
4, 6.28
4, 6.20
4. 6.0S
4, 6.20
4. 6,40
4 6.17
4, 6.23
4 6.2%
4, 5.83
4, 6,08
7. 4.8%
7. 4.38
7. 6.42
7¢ 6,70
7. 6.53
7. 6.%0
7. 6.62
7. 6.%7 .
7. 6413
7. 6.33
8, 4.27
8, %.98
8, .05
8, 6.17
: 8, 6.%52
-t a, 4,52
P 8., 4.35
AN 8. 6.05
3 8. 6.03
* 8, 6.10
"&j 11, 4.47
LY
W 11, 4.80
X 11, S.17
— 11, 4.47
Co 11, 4.60
e 11, 4,83
o 11, S.t0
SV 11, 4.460
T 11, 4.87
Ok 11, 5.06
',, 12, 3,75
0
“ds
o
\*1
R
5! i
B

A
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2R

2. 3.90
2. 3.78
2. 3.7%
12, 4,07
12, 4,15
12, 3.93
12, 31.78
12, 3.77
12, 3,57
15. 4.45
15, 5,02
1%, 5.22
18, 4.22
13, 4.72
15. 4.47
15, 4.88
15, 4.643
13, .00
15. 4.08
16, 3.47
16, 3.82
14, 3.48
16, 3.82
16, 3,92
16, 3.78
14, 3.88
6., 3.80
16, 4,00
le. 3.72
END OF FILE
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RUN NAME

VARIABLE LIST
INFUT MEDIUM
N OF CASES
INFUT FORHAT

CPU TIME REQUIRED.,

ONEWAY

STATISTICS

04/02/29, 10.%8.46. PAGE

ASD COMPUTER CENTER
WRIGHT-PATTERSON AFE,OHIO

8 PSS - - STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES

VERSION 8.3 (NOS) -- MAY 04, {982

376500 CM MAXIMUM FIELD LENGTH REQUEST

ONEWAY WITHOUT OCONUS
FOLICY, ALLLETS

CARD

UNKNOWN

FREEFIELD

+015 SECONDS

PALLETS KY FOLICY(
RANGES=DUNCAN(,0%) /
RANGES=SCHEFFE(.05)/
ALL

1,20 )/

REnD INPUT LATA

0004300C CM NEEDED FOR ONEWAY

END OF FILE ON FILE FODATALC

AFTER READING
10NEWAY WITHOUT OCONUS

80 CASES FROM SUBFILE NONAME

1

84/02/729. 135.58.46. FAGE
FILE ~ NONAME (CREATED - 84/02/29)
VARIABRLE PALLETY
BY POLICY
ANALYSIS OF VARIANCE
SOURCE b.F, SUM OF sQ. MEAN SQ. F RATIO F FPROB
BETWEEN GROUPS 7 96.478 13.783 262,011
WITHIN GROUPS 72 3.787 . 053
TOTAL 79 100.24%
STAND. STAND, B FERCENT
GROUF COUNT MEAN LeEv. EKROR MIN, MAX. CONF INT FOR MEAN
198
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GRP 3 10 6.56 29 .09 3.97 6,99 6.3%5 10 b6.76
GRP 4 10 &.17 W19 05 3.83 6,40 4,06 TO 6.28
GRP 7 10 6,92 .19 106 5.13 6.83 6,38 10 6.66
GRF 8 10 6.20 .20 206 5.98 6.52 6.06 70 6.35
GRP 11 1¢ 4.82 24 »07 4.47 S5.17 4.65 TO 4,99
GRF 12 10 3.84 17 + 09 3.57 4,15 3.72 TO 3.97
GRP 13 190 4.469 + 36 B B 4,08 3,22 4.43 V0 4.99%
GRF 16 16 3.79 .14 .05 3,48 4,00 3.69 10 3.89
TOTAL 80 $.32 3,48 6.99
. UNGRDUFED DATA 1.13 W13 .07 10 5.57
FIXED EFFECTS MODEL 23 »03 S5.27 10 5.38
RANIIOM EFFECTS MODEL 1.17 + 42 4,34 TO 6.31
RANDOM EFFECTS MODEL - ESTIM. OF BETWEEN COMPONENT VARIANCE 1.3730

TESTS FOR HOMOGENEITY OF VARIANCES

COCHRANS C = MAX,VARTIANCE/SUM(VUARIANCES) = 23109, P = 027 (APFROX.)
BARTLETT-ROX F = 1.8447, P = ,075
MAXIMUM UARIANCE / MINIMUM VARIANCE = 6,314

10NEWAY WITHOUT OCONUS 84/02/2%, 10.98.46. FPAGE 3

FILE - NONAME (CREATED ~ 84/02/29)

VARIABLE PALLETS
MULTIPLE RANGE TEST

OUNCAN "o 0rT T RE
RANGES FUR THE .050 LEVEL -
2,82 2,97 3.06 3.13 3.19 3.24 3.27

THE RANGES ABOVE ARE TARBULAR VALUES,
THE VALUE ACTUALLY COMFARED WITH MEANCJ)-MEANCI) IS..
21622 % RANGE % SQRT(L/N(I) + L/NCJ))

HOMOGENEOQOUS SUEBSETS (SUESETS OF GROUFS, WHOSE HIGHFST AND LOWEST MEANS [O

NOT DIFFER HY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
SUBSET OF THAT SIZE)

SUBSET 1
GROUP GRF 164 GRF 12
HEAN 3.78%90 3.8430

SUBSET

R

GROUF GRF 15 GRP 11
MEAN 4.46890 4.9170

199
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SUBSET 3
GROUP GRFP 4 GRF 8
MEAN 6+1690 +2040
SURSET 4

GROUP GRFP 7 GRF 3
MEAN 6.3230 6.5560

b 10NEWAY WITHOUT OCONUS 84/02/29., 10.58.46, FAGE 4
FILE - NONAME (CREATED - 84/02/29)

VARIABLE FALLETS
MULTIPLE RANGE TEST

SCHEFFE PROCEDURE
RANGES FOR THE ,0%0 LEVEL -
5.47 5,47 5.47 S.47 5.47 5.47 5.47

THE RANGES ABOVE ARE TABULAR VALUES.
THE VALUE ACTUALLY COMFARED WITH HMEANCJ-MEANCI) IS..
1622 % RANGE X SQRT(L1/NCI) + 1/NCU))

HOMOGENEOUS SUHSETS (SYBSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS DO
NOT DIFFER BY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
SUHKSET OF THAT SIZE)

SUBSET 1
GROUP GRP 146 GRP 12
MEAN 3.7890 3.84%50
SUBSET 2
GROUP BRF 15 GRP 11

MEAN 4.46850 4.8170

SUBSET 3
GROUP  GRP 4 CKkF 8 GRP 7 GRP 3
MEAN 4.1490 6.2040 4.5230 6,5%560
LONEWAY WITHOUT OCONUS 84/02/29, 10,58.46, FAGE g
CFU TIME REQUIRED.. .124 SECONDS
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ONEWAY ANOVA
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NO DIVERSION ALLOWED
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* Ay
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& y
" UATA FOR ONEWAY ANALYSIS, WITHOUT GIVERSION
G 2. 7,47
- 2. 7.48
S 2, 7.35
™ 2. 6.88
B2 2, 7.20
'a 2, 7.87
gt 27,27
& 2. 7.47
v 2. 7.40
. . 2., 7.4
'.\‘ 4. 6.29
N 4. 4.2
sx 4, 4.0%
YEN 4, 6.20
K~ 4. 6.40
AR 4, 6.17
4. 6.23
4. 5,29
v 4. %.83
P, 4, 5.08
K Ga 772
! &, 7.33
g\ &, 7.20
&, 7.45
&, 7.38
k) by 7.63
. 4. 7.50
p 6. 7.3%
b " &, 7.02 .
3:-1 &, 7.28
e 8. 6.27
S B, 5.98
. 1 B. 4.0%
8. 4.17
*u 8. &4.32
v B, 6.52
o 8. &6.3%
-'4 8. 46.0%
vy 9. 6.03 .
i 8. 4.10
~ 0. 5.38
fa'e 10, 5,47
' 10, 5.5%
10, 5,3%
B 10, 5.53
> 10, 5,70
0. 5.38
b4 10, 5.1%
o 10, 5.10
10. %.13
L 12. 3.75
L]
ey
!.‘
£
2T
A
5 H
;’
| ]
¥,
X\

st 1

a

-

A

.“a..

»
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12. 3.90
12, 3.78
12. 3.7%
12, 4,07
12, 4,15
12 3.93
12, 3.75
12, 3.77
2. 3.57
14, 5.40
14, 35.45%
14. 5.60
. 14, 5,20
14, 5.60 -
14. 9%.48
14, 5.%8
14, 5,50
14, 9.47
14, 35,28
16, 3.67
16, 3.82
14, 3.48
i6., 3.82
16, 3.92
16, 3.78
14, 3.88
16. 3.80
16, 4.00
16. 3.72

END OF FILE
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84702727, 11.03.38, FAGE 1
ASD COMFUTER CENTFR
WRIGHT-FATYERSTON AFB,0OHIO

S P S 8 - - STATISTICAL FACKAGE FOR THE SQCIAL SCIENCES
VERSIUN 8.3 (NUS) -- MAY 04, 1982

374500 CM MAXTMUM FIELD LENGTH REQUEST

RUN NAME ONEWAY WITHOUT LDIVERSION
VARIAHLE LIST FOLICY ,FALLETS
INPUT HMEDIUM CARD

N OF CASES UNKNOWN

INFUT FORMA'Y FREEFLELD

CPU TIME REQUIRED.. +011 SECONDS
ONEWAY FALLETS &Y POLICY( 1,20 )/
RANGES s DUNCAN( . 0%) /
. RANGES»SCHEFFE(.05)/
STATISTICS ALL
READ INPUT DATA
00045000 CH NEEDED FOR ONEWAY

END OF FILE ON FILE FLOATALL

AFTER REANING 90 CASES FROM SUBFILE NONAME
10NEWAY WITHOUT [IVERSION 84/02/79, 11.03,38, FAGE 2
FILE ~ NONAME (CREATED - 84/02/29)
UARIARLE FALLETS
BY FOLICY
ANALYSIS OF VARIANCE
SOURGE n.F. SUM OF 30, HEAN S0. F RATIO F PROR
RETWEEN GROUFS 7 135.480 19.383 %13.794 0
WITHIN GRAOUPS 72 2,716 .038
TOTAL 79 138.396
.
3
) \4
'I:
- STAND. STAND, 9% PERECENT
‘;j GROUF COUNT MEAN LEV., ERROR MIN. MAX. CONF INT FUOR MEAN
|
=
1“'
. "
o
e
~
!
>
"
X
"
3
294
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GRP 2 L0 7,42 V29 Q8 6.28 7.48 7.24 70 7,60
GRP 4 10 6417 W19 05 5.83 6,40 4,046 TO ' 28
GRP 4 10 7,41 21 W07 7.2 7.72 7.23 T0 7.5
GRP 8 10 é.20 ' 20 106 5.98 6.52 6.06 T0 6,35
GRP 10 10 W39 24 .08 G410 5.90 $.22 10 9.57
GRF 17 10 3.84 17 .08 3.%7 4,15 3.72 70 3.97
GRF 14 10 5.483 19 + Q5 S5.20 S5.47 9.37 100 3.93
NRF 16 10 3.79 14 05 3.48 4,00 3.49 TO 3.89
TOTAL 80 G771 3.48 7472
UNGROUFED DATA 1.22 o135 $.42 T0 6.01
FIXED EFFECTS MOUEL W19 .02 5.67 Y0 9,74

RANDOM EFFECTS MOLDEL 1.3%9 + 49 4,35 TUQ 6,88
RANDOM EFFECTS MODEL - TSTIM., GF BETWEEN COMFONEMT VARIANCE 1.,9343

TESTS FOR HONOGENEITY OF VARINNCES

COCHRANS C = MAX.VUARIANCE/SUM{VARIANCES) = 2036y F v 6649 (AFFROX
BARTLETT-E0OX F = «8l6s F = ,574
MAXIMUM YARIANCE / MINIMUM VARIANCE = 2,994

1ONEWAY WITHOUT DIVERSION 84/02/29, 11.,03.38. FAGE 3

FILE - NONAME (CREATED - 84/02/29)

VAKIAPLE FALLETS
MULTIFILE RANGE TEST

NUNCAN PROCEUURE
RANGES FOR THE ,000 LEVEL -~
2.2 2.97 3.046 3.13 3.19 3.24 3.27

THE RANGES AKROVE ARE TABULAR VALUEDS,
THE VALUE ACTUALLY COKFARED WITH MEANCJ) -MEANCI) IS,.
+ 1373 % RANGE X SORT(L/N(I) + L/NCU))

HONOGENEDUS SUMSETS (SUXSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS
ROT DIFFER HY MORE THAN THE SHORTEST SIGNF ICANT RANGE FUR A

SUKSET OF THAT SIZE)

SUKSET 1

GROUP GRF 16 GRF 12

MEAN 3.78%0 J3.8450

SUBR3ET 2

GROUF GRF 10 GRFP 14
MEAN T.3940 5.47460

2895
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SUBSET 3

SROUP GRP 4 GRF 8
MEAN 46,1690 6.2040

SUBSET 4
GROUF GRP & GRFP 2
REAN 7.,40460 7.4170
. IONEU;Y UITHU;T U;UER;I;N_ 84/02/29. 11.03.38. FAGE 4
FILE ~ NONAME (CREATED - 84/02/29)

VARIABLE FALLETS
MULTIFLE RANGE TEST

SCHEFFE FROCENURE
RANGES FOR THE .050 LEVEL ~
5.47 5,47 5.47 5.47 T.47 S.47 5.47

THE RANGES ABROVE ARE‘YABULAR VALUES.
THE VALUE ACTUALLY COMPARED WITH HMEAN(J)-MEAN(I) IS..
+1373 % RANGE * SORTOL/NCLY + L/NCD))

HOMOGENEQUS SUESETS (SUKSETS OF GROUFS, WHUSE HIGHEST AND LUWEST MEANS [0
NOT DIFFER BY MORE THAM THE SHORTEST SIGNFICANT RANGE FOR &

SUBSET OF THAT SIZE)

SURSET 1
GROUP GRP 16 GRP 12
REAN 3. 7890 3.8450
SUBSET 2
GROUF GRP 10 GRP 14
MEAN 5.3940 5.4760
SUBSET 3
GROUP GRFP 4 GRF B
MEAN 6.1590 4.2040
SUBSET 4
GROUP GRP & GRF 2
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¥ MEAN 7.4060 7.4170
~ 10NEWAY WITHOUT DIVERSION B4/02/29, 11.03.38, FAGE s
CFU TIME REQUIRED,. .124 SECONDS
‘ TOTAL CFU TIME USED.. + 137 SECONDS

RUN COMPLETED

NUMBER OF CONTROL CARDS READ 10
NUMBER OF ERRORS LETECTED 0

S

--E0R--

END OF FILE
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APPENDIX E

PILOT RUN DATA

(SAMPLE SIZE)

e
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e at
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‘i: APPENDIX E

N
i
N Run Number MOE
»
¥ 1 1.750
A
- 2 1.917
x!
¥ 3 1.833
- 4 1.917
‘i\
N 5 1.750
-
- é 1.833

Y 7 1.583

o 8 2.000
N
*.:; 9 1 1917

t 10 1.833

: 11 2.000
W) 12 1.833
13 2.000
14 1.667
15 1.667

16 1.750

.'.‘.'.’ N ".J 2T, }ﬁ}"ﬁ ::.

17 1.833

v
5; 18 1.917
T 19 1.833
-3 20 1.83

= .833
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PRIORITY IMPROVEMENT RATE DATA
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APPENDIX F.1.

Priority Improvement Rate Data

Experiment Call Data - 1.8! for location 1
1.85 for location 2

é.85
6.38
é.42
6.70

Sensitivity Data - both rates at 1.85

6.83
6.38
é.28
é&.70

Sensitivity Data - 1.81 for location |
1.1 for location 2

4.85
é6.28
4.42
é.78

Sensitivity Data - 1.1 for location |
1.91 for location 2

6.68
6,18
4.30
é6.53

k)
*
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n

P oid
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v
e
'

W

>

LA

2'gL:

DY)

-

A 212

.-; SN -~.\; STV G LY ._.\- ST AL Nk h_l‘\\q_~.‘n."n \-.\- _...,.-', . e




!

AN ) » y
A LAR VDO DO RN A Y WY )

. X . i
‘-J»Q'_ L A K Wi

AN

LI

APPENDIX F.2.

SPSS ONEWAY

ANALYSIS OF PRIORITY

IMPROVEMENT RATES
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T
84/02/09. 13.17.44. FAGE 1
ASD COMPUTER CENTER
WHIGHT-PATTERSON AFB,0HIO
S PSS - - STATISTICAL FACKAGE FOR THE SOCIAL SCILENCES
VERSION 8.3 {(NOS) -~ MAY 04, 1982
376500 CM MAXIHMUM FIELD LENGTH REQUEST
RUN NAME APFENDIX F 2

YARIABLE LIST FPOLICY ,PALLETS
INPUT MEDTUM CARD

N OF CASES UNKNOWN

INPUT FORMAT FREEF IELD

CFU TIME REQUIRED.. +013 SECONDS

ONEWAY FALLETS BY POLICY( 1,20 )/
RANGES=DUNCAN(.,03)/
RANGES=SCHEFFE (. 05)/

STATISTICS ALL

READ INPUT [ATA

00045000 CM MEEDED FOR ONEWAY

END' OF FILE ON FILE AF1DATA
AFTER READING 16 CASES FROM SUBFILE NUNAME
1IAFFENDNIX F 2 84,02/09. 13.17.44. FAGE

[ 8]

FILE - NONAME (CREATED - 84/02/09)
VARIABLE FALLETS

BY POLICY
ANALYSIS OF VARIANCE
SOURCE o.F. SUM OF 5G. MEAN SQ. F RATIO F FROB
HETWEEN GROUFS 3 083 .08 . 485 699
WITHIN GROUFS 12 .482 L057
TOTAL 15 765
{ STAND. STANL. 95 P ERCENT
A ;, GROUP  COUNT  MEAN DEV.  ERROR MIN. MAX. CONF INT FR MEAN
SO
W ‘
S |
b..'r":' |
b ;
N |
i
5
A,
)
\3
ﬁhég 214
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PR
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L e B

- PO

Py

LSRN
N
~{‘\
AR
..i-Y
: GRP 1 4 6,59 .23 W1 6.38 6.8 6,23 TQ 4,99
- GRF 2 4 6.55 2% W13 6.28 6,83 6.13 T0 .96
e GRP 3 4 .61 .24 12 6.38  6.8% L2270 6,99
ol GRP 4 4 s.42 .22 W1l 6418 6.48 5,06 TO  6.78
}:ﬁi TOTAL 16 6.58 6018 6.85
o
e UNGROUFED DATA .23 J06 6,42 TO 5.6
- FIXED EFFECTS MODEL .2 .06 $.41 TO 467
A RANLIOM EFFECTS MOLEL 12 .06 6.35 10 .73
. WARNING - BETWEEN COMFONENT VARIANCE ESTIMATE IS NEGATIVE, [T WAS
i REFLACED BY 0,0 IN COMPUTING ABOVE RANDOM EFFECTS MEASURES.
b
Sy RANDOM EFFECTS MODEL - ESTIM. OF BETWEEN COMFONENT VARIANCE -,0073

TESTS FOR HOMOGENEITY OF VYARIANCES
COCHRANS C = MAX.UARTIANCE/SUM(VARIANCES) = s 2970, P = 1,000 (AFFROX.)

sk BARTLETT-HOX F = L025, F = ,995
N MAXINUM VARIANCE / MINIMUM VARIANCE = 1,336
- tAPFENDIX F 2 84/02/09, 13.17.44, FAGE 3

]
-

FILE - NONAME (CREATED - 84/02/07)

. 

VARIABLE FALLETS
MULTIFILE RANGE TEST

DUNCAN FROCEDNURE
RANGES FOR THE ,050 ILEVEL -~
3,08 3.22 3.32

THE RANGES ABOVE ARE TABULAR VALUES.
THE VALUE ACTUALLY COMPARED WITH MEANCH)-MEANCI) IS..
} 21686 X RANGE X SURTCI/NCD) + 1/NCJ))

HOMOGENEOUS SUBSETS (SURSETS QF GROUPS, WHOSE HIGHEST AMD LUWEST MEANS DO
NOT DIFFER BY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A

SUKSET OF THAT SIZE)

SUBSET 1
GROUP  GRF 4 GRP 2 GRF 1 GRE 3
MEAN  6.,422% 8,547%  6£.3587%  6.507S
LAFFENDIX F 2 84/02/09. 13.17,44. PAGE a
N FILE - NONAME  (CREATED - B4/02/09)
¢
s ‘ UARTABLE PALLETS
KL
-‘
e
AR
."'.
O
LW
fo?
15}'
i
tha
21S
. ]
-Lh;&;&Lth{‘i&»

ST
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MULTIFPLE RANGE TEST

SCHEFFE FROCEDURE
RANGES FOR THE .050 LEVEL -
4,58 4,58 4.38

THE RANGES ABOVE ARE TARULAR UALUES.
THE VALUE ACTUALLY COMFARED WITH HMEANCJ)-MEANCI)Y IS..
1686 X RANGE % SQRT(L1/NC(I) + 1/NCJ))

. HOMOGENEQUS SUBSETS (SURSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS [0
NOT DIFFER HY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
SUBSET OF THAT SIZE)

SUESET 1
GROUP  GRP 4 GRF 2 GRF 1 GRP 3
MEAN 4,4225 6.%475 6.587 6.607%
LAFFENDIX F 2 84/02/09. 13.17.44, FAGE 5
CPU TIME REQUIRED,. .C%9 SECONDS
; g*b
& TOTAL CFU TIME USED.. .074 SECONDS
EOR
j:' w2y RUN COMPLETED
LY b
5 ‘J‘ NUMHER OF COUNTROL CARDS READ 10
‘ a‘-_—; NUMBER OF ERRORS DETECTED 0
. N 8
; 3‘?:5 - ~EOR--

) END OF FILE

e

”)

r—.l‘-.
E S g
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P
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APPENDIX F.3.

DATA FOR ALL CELLS,

WITH QUEUES WORKING

ON FIFO BASIS

v ALty gl

I‘J

o

g
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1. 6.70
1. 6,19
1. J.98
1. 4,350
2, 4,70
2, 4.53
2. bei7
2, 6,98
3. 4.03
3. 4,85
3. 4.42
3. 4.95
4, 4,60
M 4. 4.47
4. 4.72
LD 4,55
5. 4,32
3. 6,35
3. 4,07
S 6,43
X3 6.67
&, 4,73
é, é.40
.3 6,42
7. 4,38
7. 4.643
7. 4,37
7 4,562
8. 4,358
8. $.18
8. 5.02
8. 4,93 .
LD 7.00
9. $.9%
P V.97
9. 6.23
i0. 5.37
10. 5.43
10. S.17
10, 5.33
11, 5.03
11, 4,77
11, 4,12
11, 4,50
12, 3.82
12. 3.88
12, 3.87
12, 3.40
13, 6.32
13, 6.30
13. 6,02
13. 6.20
14, %.52
14, 5,15
14, 5.43

Aty %y ety M
f , .)l ’I ’J ": .‘
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14,
13.
13,
15‘
16,
16,
16,
16,
16,
ENU
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3.22
4.57
S.10
4,53
4450
3.9%

3.80
3.73
3.75
OF FILE
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N APPENDIX F.4.
N SPSS ONEWAY ANALYSIS
) OF SIMULATION

The WITH QUEUES FIFOQ
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84/02/07. 13.18.56. FAGE 1
ASDh COMPUTER CENTER
WRIGHT-PATTERSON AFE,0HIOQ
S F S S - - STATISTICAL PACKAGE FOR THE SJCIAL SCIENCES
VERSION 8.3 (NOS) -- MAY 04, 1982
3746500 CM MAXIMUM FIELD LENGTH REQUEST
RUN NAME AFFENDIX F 4

VARIABLE LIST FOLICY PALLETS
INFUT MEDIUM CARD

N OF CASES UNKNOWN

INFUT FORMAT FREEFIELL

CPU TIME REQUIRED.. 013 SECUNDS

ONEWAY FALLETS BY POLICY( 1,20 )/
RANGES=DNUNCAN(,05)/
RANGES®=SCHEFFE(,.0%)/

STATISTICS ALL

REALD INPUT DATA

00045000 CM NEEDED FOR ONEWAY

END' OF FILE ON FILE AF3DATA

AFTER READING . 44 CASES FROM SUKFILE NONANE

LAPFENDUIX F 4 84/02/09, 13.18.56. FAGE 2

FILE - NONAME  (CREATED - 34/02/09)

UARIABLE PALLETS

BY FOLICY
ANALYSIS OF VARIANCE
F': SOURCE 0.F, SUM OF 5Q. MEAN SQ. F RATIO F FROE
o BETWEEN GROUFS 15 S4.114 3.741 60,484 . 000
1"
g;ﬂ WITHIN GROUPS 48 2,969 . 042
i TOTAL 63 59.08°
v
'\\‘
<

ﬂ\
!.\'4 STAND, STAND, ?% FERCENT
1'.“ GROUF COUNT MEAN LEV, ERROK MIN., MAX ., CONF INT FOR MEAN
=y
o
l“..
Jq
U,
o
l"¢
e
i@
e
l‘ﬁ
?Q
)
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GRP 1 4 6.33 33 16 5.98 6470 5.81 10 4,85
GRF 2 4 6459 34 17 6.17 4.98 6,05 TO 7.13
GRF 3 4 4,74 21 $11 4,42 4.85 4,40 T0 5.07
GRPF 4 4 4,63 .08 104 4.55 4,72 4.52 70 4.7%
GRP 3 4 4.2%9 16 +08 6.07 6043 6,05 TO 4.54
GRF & 4 $. 59 W17 .08 $.40 6.73 6,29 10 6,82
GRP 7 4 4.755 12 04 4,137 4,563 4.36 TO 4,74
GRF B 4 4.93 W25 .13 4.58 5.18 4,52 70 5.33
GRF 9 4 629 ' 49 W29 $.99 7.00 $5.50 0 7.07
GRF 10 4 5.33 .11 06 S5.17 5.43 S5.1% 10 F.51
GRP 11 4 4.460 39 19 4.12 5.03 3.99 TO 3.22
GRP 12 4 3.79 .13 07 3.460 3.88 3.58 70 4.00
. GRP 13 4 6,26 + 20 10 6.02 » 30 5.94 70 6.58
GRF 14 4 G.33 17 + 09 5.15 5,82 5,05 70 5.64
GRP 15 4 4.47 .28 .14 4.50 S.10 4,22 TOQ 5.13
GRP 16 4 Y.081 +10 ] 3.73 3.75 3.65 TQ 3.97
TOTAL 44 5.29 3.60 7.00.
UNGROUFED [ATA 97 12 5,05 TO 5.54
FIXED EFFECTS MODEL 2 25 .03 9,23 TO 5.346
RANDIOM EFFECTS MODEL .97 .24 4,78 T0 3.81
RANDOM EFFECTS MODEL - ESTIM. OF BETWEEN COMFONENT VARIANCE 9198

TESTS FOR HOMOGENEITY OF VARIANCES

COCHRANS C = MAX.UARIANCE/SUM(VARIANCES) =  ,2444, P a ,083 (AFPRNX.)
BEARTLETT-ROX F = 1.431, F = .125
F MAXIMUM UARIANCE / MINIHUM VARIANCE = 42,939
. MRS LAPFENDIX F 4 ’ 84/02/09. 13.18.%6. FAGE 3
AN
B! FILE - NONAME  (CREATED - 84/02/09)
Al
AN VARIABLE PALLETS
B -
\‘_-.J 5
: MULTIPLE RANGE TEST
¢ . _l‘ ‘
D DUNCAN PROCEDURE
. RANGES FOR THE .0%0 LEVEL -
e 2.84 2.99 3,09 3.16 3.21 3,26 3.29 3.32 1,35 3.37
N 3.39 3.40 3.41 3,43 3.43
"n\_u."
NN THE KANGES ABOVE ARE TAEULAR “ALUES,
B THE VALUE ACTUALLY COMPARED WITH MEAN(J)-MEANCI) IS..
D +17%9 ¥ RANGE % SORT(1/NCI) + 1/NC(J))
b~ HOMOGENEOUS SUBSETS (SURSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS DO
O NOT DIFFER BY MOKE THAN THE SHORTEST SIGNFICANT RANGE FOR A
,‘.Q SUKSEY OF THAT SIZE)
l'::-
. T
.;: .:‘: SURSET 1
"\
o AAch
AN
(SN
' »
NS
AN
AN
s o
P
el
b,
W
LA
e,
A 222
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>

GROUP GRP 12 GRP 14
MEAN 3,7925 3.8075

SUKSET 2

GROUP GRFP /7 GRP 11 GRP 4 GRF 135 GRF 3 GRE B

MEAN 4,3500 4.40%0 4.63%0 4.4750 4.737% 4.927%

SUBSET 3

GROUP GRP 10 GRP {4

MEAN $.3300 $.3300

SUBSET 4

GROUF GRP 13 GRP 9 GRF 9 SRE 1 GR¢ 6 GRF 2

MEAN . 2600 46,2875 46,2923 6.332F 6.3550 6.9929
1APPENDIX F 4 84/02/09, 13.18.%56. PAGE 4

FILE =~ NONAME (CREATED - 84/02/09)

UARIABLE PALLETS

MULTIFLE RANGE TEST

SCHEFFE PROCEDURE

RANGES FOR THE ,030 LLEVEL -
7.31 7.51 72.%% 7.51 7.%% 7,31 7.351 7.51 7.31 7.51
7.5 7.5t 7.51 7.51 7.51

THE RANGES AHBOVE ARE TABULAR VALUES.
THE VALUE ACTUALLY COMFARED WITH MEAN(J)-MEAN(I) IS..
+1759 % RANGE % SQRT(L1/N(T) + 1/NC(J))

HOMOGENEOUS SUBSETS (SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS 010
NOT DIFFER HY MOKRE THAN THE SHORTEST SIGNFICANT RANGE FOR A
SUBSET OF THAT SIZE)

GUBSET 1
GROUF GRP 12 GRF 16 GRFP 7 GRF 11 GRF 4 GRF 135
MEAN 3.793S5 3.8073 4,5500 44,6050 4,6350 4,6750
SUBSET 2
GROUP GRF 146 GRP 7 GRP 11 GRrF 4 GRP 15 GRP 3

HEAN 3.807% 4.35500 4.60350 4,6350 4.675¢ 4.7375
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SUBSET 3

GROUF GRP ¥ GRP 11 GRP 4 GRP 15 GRP 3 GRP 8
MEAN 4,%5300 4.6050 4,63%0 4.67%0 4.7375 4.,9275
GRUP GRF 10 GRP 14

MEAN %.3300 3.3300

SUBSET 4

GROUP GRF 10 GRP 14 GRF 13
MEAN 5.330C 5.,3300 6.2600

SURGET 3
GROUP GRFP 13 GRF 9 GRF 5 GRF 1 GRF 6 GRP 2
MEAN b.,2400 &4,28775 46,2925 6.3323 4,3550 6,5929
.1 LAFFENDIX F 4 84/02/09., 13.18.36, FAGE 9
CPU TIME REQUIRED.. «132 SECONIS
TOTAL CPU TIME USED.. . 148 SECONDS
RUN COMFLETED .
NUMEER OF CONTROL CARDS READ 10
NUMRER OF ERKRORS LETECTED o]
S
--E0R-~
END OF FILE
o~
! ‘.'-.‘,
)
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APPENDIX F,5,
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Appendix F.S5.

OCONUS Daily Release Rate Data

Releasing 5 percent of remaining usable total per day

5.87
5.23
9.27
4.93

Releasing 20 percent of remaining usable total per day

3.35
9.32
9.952
5.05

Releaging 36 percent of remaining usable total per daya

S5.32
5.12
5.52
4.98

Releasing 180 percent of remaining usable total per day

S.32
5.12
5.52
4.93
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APPENDIX F.4&.

SPSS ONEWAY ANALYS3IS

OF OCONUS DAILY RELEASE RATES
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SAMTIECS N I N 4 2 0 A AT A S RS S A SR SR S P B IR A AL

B it i G L R CR LR/ A )

N T
Fo 84/02/09. 13,20.11. FAGE 1
T ASD COMPUTER CENTER
A «:_' WRIGHT-PATTERSON AFH,QHIO
oy
. >
. ‘\kz: 3 F S S - - STATISTICAL FACKAGE FOR THE SOCIAL SCIENCES
TR
: ';:. VERSION 8.3 (NOS) -- MAY 04, 1982
" 374500 CM MAXIMUM FIELD I.ENGTH REQUEST
AR
X\ RUN NAME APPENDIX F &
et VYARIABLE LIST  FOLICY,PALLETS
Loty INPUT MEBIUM CARD
" N OF CASES UNKNOWN
ANy INFUT FORMAT FREEFTELD
Nid
e CFU TIME REQUIRED.. ,013 SECONDS
AN
’ i
b
2 ONEWAY FALLETS BY FOLICY( 1,20 )/
g RANGES=DUNCAN(,0S)/
1 RANGES=SCHEFFE(.0%)/
» STATISTICS ALL
REMD INFUT DATA
A 00045000 CM NEEDED FOR ONEWAY
y END OF FILE ON FILE AFSDATA
4 AFTER READING 16 CASES FROM SUBFILE NONAME
?J“ LAFFENDIX F 6 84/02/09, 13,20.11. FAGE 2
b, ,j
2 FILE ~ NONAME  (CREATED - 84/02/09)
L,
VARIABLE FALLETS
o BY POLICY
e ,
_...:,‘_.; ANALXSIS OF VARIANCE
E ~
.{}_g SOURCE I.F. SUM OF S0, MEAN SO, F RATIO F FROK
N
[y
3::‘_‘.* BFETWEEN GROUPS 3 (069 .023 .506 . 685
oy
) WITHIN GROUPS 12 547 046
»;\1' ToTAL 15 617
.’
o
vy
! STAND. STAND, 9% P ERCENT
f GROUFP COUNT MEAN LEV., ERROR MIN, MAX, CONF INT FOR MEAN
————
e
.'«\‘
'!':*
" - ~ -
AP
A
£
=
\-..
ALY
t vo-’."v
-,:r\
h >
'\.'."n
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A

GRP 1 4 5.13 \16 .08 4.93 5,27 4.88 TO 3.37
- GRF 2 ) 5,31 .19 .10 £.05  5.52 $.00 TO 5.42
b . GRP 3 4 5.23 .24 12 4.98  =,s2 4.86 TO 5,81
;¢: GRP 4 a 5,22 .25 \13 4.93 5,52 4.82 TN 5,43
)
N rorat 16 5,22 4,93 5.52
i alkt
B UNGROUFED DATA .2 e 5,12 TO 5.33
o) FIXED EFFECTS MODEL 21 .05 5.11 TO 5,34
RANLOM EFFELTS MODEL 11 .05 5.05 TO 5.39
R}
SRR WARNING - BETWEEN COMPONENT VARIANCE ESTIMATE (S NEGATIVE. IT WAS
By REFLACED KY 0.0 IN COMFUTING AHOVE RANDOM EFFECTS MEASUKES.
b
R RANIOM EFFECTS MODEL - ESTIM, OF BETWEEN COMPONENT VYARIANCE ~.005%
-4,
¥ TESTS FUR HOMOGENEITY OF UARIANCES
oY COCHRANS £ 3 MAX.UARIANCE/SUM(VARIANCES) =  ,35464, P = ,986 (AFFROX.)
BARTLETT-ROX F = . 233, F = ,.873
s MAXIMUM YARIANCE / MINIMUM VARIANCE = 2,655
f)} LAPFENDIX F & 84/02/09. 13.20.11, FAGE 3
-
;? FILE ~ NONAME  (CREATED - 84/02/09)
A VARIARLE PALLETS
g
2 MULTIFLE RANGE TEST
i DUNCAN FROCEDURE
o RANGES FOR THE ,050 LEVEL -
1Y 3.08 3.20 3.32
TN
k. THE RANGES ABOVE ARE TAEULAR UALUES.
THE VALUE ACTUALLY COMPARED WITH RMEANCJY~MEANCTD IS..
, <1510 % RANGE ® SARTC1/NC(T) ¢ L1/N(J))
i
-ﬁ \ HOMOGENEQUS SUERSETS (SUNSETS OF GROUFS, WHOSE WIGHEST AND LOWEST MEANS [0
AN NOT DIFFER EY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
N SUFSET OF THAT SIZE)
.
£X SUBSET |1
- GROUP  GRP 1 GRP 4 6RF 3 GRF 2
] MEAN 5.1250 5.2229 5.2350 5.3100
By e e e e e . e e e . e
q{;? 1AFPENDIX F 4 84/02/09, 13.20.11. FAGE a
$
«ﬂ% FILE - NONAME  (CREATED - 84/02/0%)
o
[ VARIAKLE FALLETS
A
-
N
3
gy
ﬂ..'
YAy
."
if %!
5
5
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(P>
. MULTIPLE RANGE TEST
% SCHEFFE PROCEDURE

RANGES FOR THE ,050 [EVEL -
4,38 4,58 9.9

o ]

1 0

THE RANGES AHQUE ARE TARULAR VALUES.
THE VALUE ACTUALLY COMFARED WITH MEAN(J) -MEANC(I) I[S.,
+1510 X RANGE X SQRT(1/N(I) + 1/NCH))

P
3

}
5. HOMOGENEOUS SUKSETS (SUKSETS OF GROUFS, WHOSE HIGHEST AND LOWEST MEANS DO
" *\‘ * NOT DIFFER BY MORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
Ty SUBSET OF THAT SIZE)
N
3 SURSET 1
"‘;N GROUF  GRP 1 GRP 4 GRF 3 GRE 2
N MEAN 5.1250 5.222% 5,23%0 5.3100
1"‘ - ot vm m em e s em W m a4 em e e um m ma e e e - - -
L IAFPENDIX F 4 84/02/09, 13.20.1i. FAGE 5
e YN
- "
JCT
;: ' CPU TIME REQUIRED. . .058 SECONKS
b
!
N TOTAL CFU TIME USED.. L073 SECONDS
RUN COMFLETED ‘ )
NUMEER OF CONTROL CARDS READ 10
NUMBER OF ERRORS UETECTED 0
5
-~EQR--

END OF FILE
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L APPENDIX F.7.

& COMPARAT IVE ANALYSIS

OF OCONUS AND PRIORITY POLICIES
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Appendix F.7.

N Comparative Analysis of QCONUS and Priority Policies
R
MOE with ODCONUS at 18 percent of CONUS total
g
:::' 5-40
B { 5.45 X1 = 5.4125%
L 5.4
' S.20
“fﬁ MOE wi th GCONUS at 20 percent of CONUS total
':.1‘!
¥ 7.08
hed 7.38
- é.88
-*gﬁ MOE with just Priority Policy
<
' 6.27
o 5.98 X3 = 6.1175
S 6.85
Jﬁ| Assuming linear properties
X3 - X1 = .,7058 = .41
) X2 - X1 1.5890
yé
wni OCONUS at approximately 142 of CONUS total
T
B

A8

S, NS

I3
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APPENDIX F.S.

POE DIVERSION ANALYSIS
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Appendix F.8.

POE Diversion Analysis

a. Allowing Priority, Diversion, and QOCCONUS Policies only
Experiment cell data - cargos fully transportable

7.72
7.93
7.20
7.45

Requiring increased queuing time at POE‘s

7.72
7.93
7.20
7.45

b. Allowing Priority and Diversion Policies only
Experiment cell data - cargos fully transportable
é.83
4.38
é6.42 X1 = 46.59
é6.78
Requiring increased queuing time at POE’s
7.38

?l23
7.00 X2 = 7.36

7.83

127 Increase X2 to X1
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APPENDIX G

MODEL DATA DICTIONARY
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Y

N

SN

TR
A NETNE

avalSc
avalZc
aval?®c
avalSo

aval’Zo

aval®o

baseSc
base?c
tase?c
baseSo
base?0

base?0o

hpS3rec
hp?rec

hp?rec

_I..
icSc total number of class V items in COUNUS
inventories
ic?c total number of class VIl items in CONUS
236
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Appendix G

Model! Data Dictionary

- -

number of class V items available for issue, from
CONUS sources, for a given operational cycle.,
number of class VIl items awailable for issue,
from CONUS scurces, for a given operational cycle
number of class IX items available for issue, from
CONUS sources, for a given operational cycle
number of class V items available for issue, from
OCONUS sources, for a given operational cycle
number of class VII items available for issue,
from OCONUS sources, for a given operational

crcle »

number of ciass IX items available for issue, from
OCONUS sources, for a given operational cycle

-

minimum allowable stockage level of class UV items
in CONUS locations

minimum allowable stockage level of class VII
items in CONUS locations

minimum allowable stockage level of class IX
items in CONUS locations

minimum allowable stockage level of class V items
in OGCONUS locations

minimum allowable stockage level of class VII
items in OCONUS locations

minimum 21lowable stockKage level of class IX
items in OCONUS locations

—-—H-

number of unfilled high priority class V
requisitions, to be recycled

number of unfilled high priority class VII
requisitions, to be recycled

number of unfilled high priority class IX
requisi tions, to be recycled
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ic?c

icSo

ic7o

ic?o

i c5di
icS5d2
1cS5d3
icS5d4
ic7dt
ic?d2
ic7d3
ic7d4
ic?dl
ic?d2
ic?d3

ic9d4

Max3a
Max7a
Max?a
MaxSs
Max?7e
Max?s
min3Sa

min7a

L RO R N R L T . N O A L e " T W N P
inventories
total number of class IX items in CONUS
inventories
total number of class V items in OCONUS
inventecries
total number of class VIl items in OCONUS
inventories
total number of class IX items in OCONUS
inventories
number of divertable class V paliets at diversion
point 1, sealift CCP
number of divertable class VU pallets at diversion
point 2, airlift CCP
number of dive~table class V pallete at diversion
point 3, sealit POE
number of divertable clagss U pallets at diversion
point 4, airlift POE
number of divertable class VII pallets at
diversion point 1, sealift CCP
number of divertable class VII pallets at
diversion point 2, airlift CCP
number of divertable c¢lass VI pallets at
diversion point 3, sealift POE"
number of divertable class VII pallets at
diversion point 4, airlitt POE
number of divertable class IX pallets at
diversion point 1, sealift CCP
number of divertable class IX pallets at
divarsion point 2, airlift CCP
number of divertable class IX paliets at
diversion point 3, sealift POE
number of divertable class IX pallets at
diversion point 4, airlift POE

-M-

of class V pallets allowed per
configuration

of class VII pallets allowed perr
configuration

of clrass IX pallets allowed per

max imum number
aircraft cargo
max imum number
aircraft cargo
max imum number
aircraft cargo configuration

maximum number of class V pallets allowed per
ship cargo configuration

maximum number of class VII pallets allowed per
ship cargo configuration

max imum number of class IX pallets allowed per
ship cargo configuration

minimum number of class U pallets necessary for
an aircraft load configuration

minimum number of class VII pallets necessary for
an aircraft load configuration
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min?a = minimum numoer of «lass IX pallets rnecessary for
an aircraft load configuration

minds = minimum number of class V pallets necessary for
a shipload configuration

mir7e = minimum number of class VII pallets necessary for
a shipload configuration

mins = minimum number of class IX pallets necessary for
a shipioad configuration
m3nuc = number of unused class V items, from CONUS

sources, in & given operational cycle
m7nuc = number of unused class VII items, from CONUS
sources, in a given operational cycle

mPnuc = number of unused class IX items, from CONUS
sources, in a given operational cycle

m3nuo = number of unused class V jtems, from OCONUS
sources, in a given operational cycle

m7nuo = number of unused class VII items, from OCONUS
sources, in a given operational! cycle

m?nuo = number of unused class IX items, from OCONUS

m3unf = number of unfilled class V requisitions that have
to be movea from CONUS to OCONUS fill networks

m7unt = number of unfilled class VIl requisitions that

have to be moved from CONUS to OCONUS i1l
ne tworks
mPunf = number of unfilled class IX requisitions that
have tu be moved from CONUS to OCONUS fill
networks
m3rec = number of unfilled class V requisitions that
have to be recycled to the next operational cycle
number of unfilled class VII requisitions that
have to be recycled to the next operational cycle
mPrec = number of unfilled class IX requisitions that
have to be recycled to the next operational cyclie

mZrac

...N.-

' npcSla = number of pallets of class V items for

;51 cdestination {, waiting airli+t configuration
" npc7la = number cf pallets of class VII items for

&ﬁ: destination 1, waiting airlift configuration
_ﬁ'ﬁ npcPla = number of pallets of class IX items for

':‘ destination 1, waiting airlift configuration
N npcdls = number of pallets of class U items for
IZ; destination 1. waiting sealift configuration
ey npc7ls = number of pallets of class VII items for

Ny destination 1, waiting sealift configuration
A npc?ls = number of pallets of class IX items for

‘”? destination 1, waiting sealift configuration
Sindp npcS2a = number of pallets of class V items for

1 destination 2, waiting airlift configuration

> npc72a = number of pallets of class VII items for

$:$ destination 2, waiting airi ¥t configuration
. E:;
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apefla
npci2s
npc?2s
npc92s
npcS2o

npc?20

npc?20
nprid
npri?
npriv
niecS
nic?v/
nic?
n2cS
n2c?

nec?

sumpia
sumpis
sump2a
sump2s

sump 20

unfenc

e

e . R B B T IR AR . SRR S A S e )

number of pallets of class IX items for
destination 2, waiting airlift configuration
number of pallets of class V items for
destination 2, waiting sealift configuration
number of pallets or class VII items for
destination 2, waiting sealift configuration
numbe~ of pallets of class IX items for
destination 2, waiting sealift configuration
number of pallets of class V items, from 0OCONUS,
tor destination 2, waiting airlift configuration
numbier of pallets of class VII items, from
OCONUL, for destinaticn 2, waiting airlift
configuration

numirer of pallets cf class IX items. from DCONUS,
for destination 2, waiting airli+t configuration
number of high priority class V requisitions,
presently only fillable by diversion

number of high priority class VIl requisitions,

presently only fillable by diversion
number of high priority class IX requisitions,
presently only fillable by diversion

number of new class V requisitions received from
destination 1, daily transaction

number of new class VIl requisitions received
from destination 1, daily transaction

rumber of new class 1X requisitions received from
destination 1, daily transaction

number of new class V requisitions received from
destination 2, daily transaction

number of new clase VII requisitions received
from destination 2, daily transaction

number of new <laes IX requisitions received from
destination 2, daily transaction

-

sum of all paliets waiting for planeload
configuration for destination 1, CONUS origin
sum of all pallets waiting for shipload
configuration for destination 1, CONUS origin
sum of all pallets waiting for planeload
configuration for destination 2, CONUS origin
sum of all pallets waiting for shipload
configuration for destination 2, CONUS origin
sum of all pallets waiting for planeload
configuration for destination 2, OCONUS origin

-U-

percentage OCONUS inventories, above minimum
stockages, to be made available on a given day
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X = number of daily new acquisitions of class UV items
_.Y_
Y = number of daily new acquisitions of class VII
i tems
.
z = number of daily new requisitions of class IX )
i tems
24@
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':ﬁ George C. Prueitt was born on 23 August 1935, at Fort
.;; Monmouth, New Jersey. He qgraduated from Henry County High
Ji% School, New Castle, Kentucky, 'n May 1973. He received a
. Bachelor of Science degree in Mechanical Engineering, from
;)

v the University of Kentucky in December 1$77. He was
L

iiq commigsioned in the Field Artillery, and initially assigned

N

N

to Fort Sill, OKlahoma. Upon completion of the Field
Artillery Officer Basic Course, he was assigned to the United
States Army—Europe, in the Federal Republic of Germany.

While in Germany, he comnanded B Battery, 3d Battalion, 7%th

R Field artillery. Upon return from Germany, he completed the
*3 Infantry Officer Advanced Course, at Fort Benning, Georgia,
W

‘ﬁﬁ and in August 1982, he was assigned to the School of

Engineering, Air Force Institute of Technology.
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Robert L. Smith was born on 19 February 1953, in Niagara
Falle, New York. He graduated from Widefield High School,
Security, Colorado, in May 1971, and then attended the United
States Military Academy. He was awarded a Bachelaor of
Science degree and was commissioned in the Intantry in June
19?5. Following completion of the Infantry Officer Basic
Course and Ranger School at Fort Benning, Georgia, he served
with the S03th Infantry (Airborne) at Ft. Bragg, North
Carotina. After completion of the Field Artillery Officer
Advanced Course at Ft. Sill, Oklahoma, he was assigned to
Korea as a Brigade S-3 and later as Aide—de-~camp to the
Commanding General of the 2d Infantry Division., Upon his
return from Korea, he was assigned to Ft. Knox, Kentucky,
where he served as Company Commander for A Company, 13th
Battalion, 4th Brigade. Upon compietion of his tour at Ft.
Knox, he was assigned in August 1982 to the Schooi of

Engineering, Air Force Institute of Technology.
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. This thesis develops a basic methodology for modelirg the effects
( of flexibility and responsiveness in U.S. Army contingency plan

Ry logistical support.
::f-‘, A model of the contingeuncy logistical support environment was
. RSN built using the SLAM computer simulation langusge. Four factors
and their interactions vere analyzed in the model. Those factors
B vere priority system, other then CONUS supplies (OCONUS), diversion,
" gl and fencing (reserved stocks). The level of oach factor was varied

" to determine its effect and interaction with the nther factors. Both

™ airlift and sealift were modeled.

~' The measure of effectiveness used was the number of pallets of
L critical items delivered per total time in the delivery system. The
': model provides a number of inputs which can be changed to determine
K\ parameter sensitivity. The model results, as expected, showed that
; * contingency logistical support would be significantly upgraded if a
o rovised priority system, UCONUS supply sites, and a diversion policy
Y were useda.
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